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PREFACE 


Tiin Purpose ol tins book is to pio\^ide sludenls and 
teachers with an outline ol the expcnmental in\ estigations 
which our knov\ ledge ol the physiology ol plants is 
leased. 

H would have been easier to present the most attractive 
the facts and theoi ics ol this branch ol science than to 
make the attempt, ol which this book is the outcome, to 
piovidc a practical text-book which should seive as an 
Gclucational instillment and as a stimulus to independent 
observations 

The student, however, cannot gtasp the tacts of Natural 
Science by leading books on the subject Though the man 
ol matuie mind, tiained m the ait ol silting and gioupino 
facts, and in the habit ol seizing essential truths, may gain 
£i usclul acquaintance with Natural Science by the peiusal 
of text-books, the student cannot He needs a method ol 
Ciducation wdiich scivcs, not only to furnish, but also to 
Ira in the mind. In otliei woids, the sLudiMit rcquiics both 
inioimation and discipline He should be told less, and 
n nd out moie It cannot be disputed that the element ol 
intellectual discipline is ignoied too much by modem edu- 
cational methods, nor that, as a result, students sulfci 
from lack ol training 

In science, in paiticular, the teacher is too much con- 
cerned WMth rendering the subject attiactive and too little 
xvith making it to scivc the end ol developing the reasoning 
£and imaginative faculties of his pupils 

The method ol teaclimg Natural Science by means of 
lectures and a iitual ol piactical w'ork associated ihercwnth 
is tundamcntally wron^ It appeals to the memoiy but 
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stciih/cs Lhc iiKilioii It [jicdtlu's ( oinl oi Mhlc I 

to the stiidciit, who oii^hl, insl< acl ol siibiiiitl 

scientific s(M moils, l(j lx cvpciiLiiLm” tlic pioKss, .it 
pliMsiiuible tincl pninltil, ol t(.ticliin»^ Inmst If 

In the ionise ol I hi Iietint' houi, llu linilui ( o\ 
laige aica ol ^loiiiul wIik'Ii is a Itii.i iiuoijiiita (< 
sLucliMit hiom the iiilness ol his i‘\pcii(n((, llu lit 
ilfais Lhc ^lOLinil ol all clillii iillics w'hu h hi si I the 
ol the siholai, with ihe itsiilt lhat tlu laltti, IhoULt 
may, oi may not, luoi* enjoNtd tlu p< i son.ilh -i oiuli 
tour, has leaiiu'd nothirif^ ol llu ail ol (\pIoialioii 
siLicleni would I)(‘ inud)k‘, indtu!, lo lind his \\a\tf* 
o\(|i I he same « I ouiicl il hll to take llu ]om lu \ alon 

Subjei lt‘d lo this let l iii ( -nu I hod ol iiisliiulinn, 
student bet omes llu* I eposiloi \ ol l he si t ( iiuhhanti \ 
he is loltl to It)ok lt)i, lu sets wilh llu liathei’s (\( 
the method Is sut 1 1 ssl ul and ihesliuhnl tiotilt, tlu I 
passes ins examination with clisl iiu t ion, hut it mam 
it^noianieol tlie impoi laiu t* oi milia(i\t I lie It ss d 
student lakts .ind (‘\ pi < sst s — ol It n b\ itllt ness a si 
dislike to sc It lU'e, pieltniin^, insl iiu I o eh , somt siil 
moi e tall LI la I id to ti am tlu mind oi less 1 1 i lam to t>\ i i 
thi memoiy 

In eilhei t asi , I he Ic‘c fuie-mt lliod, u hu h dalt s Inm 
1 im<‘ wdit n books w <‘H‘ St ai i e, oi tit ai , oi bad, .u < ompli 
htl!(‘ m ( omj)aMson with what mii^hl lu athuvtd il 
^lOLind wt‘M‘ liavtustd tlmmi^ llu h'l 1 m i -t vt in sion .n 
ihe slLidenl, insIcMtl ol lu mi; loltl ihmijs, uas em oiii* 
It) t)bsei\u‘ iind think loi himst II 

Until tlu‘ pii'senl, dt'ploiahit' mtdhod is n pku t i! 1 
I)t‘Lli 1 , Naluial St KMU't , which niiisl tome m tinu It 
an (‘sseiUial j)<n 1 ol all ediiiMlional ('uiiuiila, must sul 
to ihe lepioath t)l lu mt; ol It ss \alii(‘, as a snhn t 
numtal tiamini;, than Mallumalits oi C lassu s 'I lit 
[)i Oiieh IS not dt‘sti\t‘d Whihoul a knowltd^t ol Xal 
Seienc't‘, nun and wonuai it mam blmtl to hall llu ht . 
and meanini; ol hie uallioiil il, jhe\ aie i^noiant r»| 
mf)des wdu‘iel)v all mannei ol piissmi; piobltnis, sot 
political and olhei, oni;hf to he allatkiul il llu\ an It 
solved 

Il iiloim IS lo be elltt ted in ibe teat hmi; ol \ali 
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S(iciut, it must b(.‘ I)\ in.ikiiin llu siihjt 1 1 h'ss .in afLiii ol 
iiiloiin.il ion .Mul niDii i iiMlki loi Lluiiij^hl llu loLjii.il 
,11 LI nu. Ill u hi« h 1 Lins 1 111 Olio h (lie N.iliii.il Si u lu c s, i olu i - 
iiio l!u‘ innu nu 1 .il)k‘ l,u Is lo a wliolr, iniisl hi ilisplaM'il, 
aiui tlir slLidcnt nuisl Imcl, in Ins scunlilii siiidiis, nu .ins 
ol dcvclopino tlH‘ Iiinlu ‘1 liiiu lions ol his niiiiil, iniini h , 
till pow'iisol tliinlvino ii^liilv and nn.ioinin^ liiih 

I Iir piopii nu'lhod ol k.uhino NaUii.il Si u m i is as 
lollous \ i‘i > \mino ( hildk n shoiiltl hi* iriidinod lannliai 
u nil l.n o( nil mix is ol ii.tkii .il ohji i Is, iiu liidiiij^ , ol i oiii sc, 
plants^ and animals I he [uii posi* ol this jiiclimman 
(Oiiisc «s lo maki tin i hild laUi co^nisanii ol nakn.il 
ohjci Is and [ihcnonu n,i , of (louiis .md thin n.mu s, ol 
hulls and siids, ol huds and l(*,i\ts, oi luihs and Inis 
In shoil, { onlinin^ oin Kin.iiks lo llu l)ioIo|:^i( al sidi ol 
this ionise, llu i liild should leain I>\ nu ,ins ol il lo si < 
.111(1 w.ik h .111(1 laie loi some ol llu im i i.id livjno tlnni;s 
ol held, III (li^i*! ow and oai ill n 

I Ins IS llu N’.iliiM Skids lonisi, in whiih no alhmpi 
should 1)(‘ mad< lo loiii i \|)l. mat ions oi lo disilop llu 
i ( .isonmo lai nils ol llu i Iiild , the ohji i I hi int; lo liii nisli 
llu iniiul 

lia\ini4 .uliusid this i nil, Nakiie Skids h.is exh.iiisk d 
Its idiuallonal si'i \ u i II is as nsi li ss m kill i slap/'s as 
Il IS s.iliiahli m llu (.nls stai^i ol eihii.ilion 

I he Milnii Skids' ionise should lx* siuieedid m llu 
si lioo! hs oni on ( lenu nl.ii s piis sii s .iiiil i lu misl i s' Sn< li 

a ( oin s( is, 4is .1 kill, lollossid m ni.ms schools In it, 

llu piopeilii's ol m.ilk I .iii InsI insisuikikd ivjximuiil- 
.ills, and, kill I in llu loiiisi, llu iikiltoiis ot i.u is m 
plu nonu n.i, oni* ssilh .inollui, .iie siiidiid l)niine, tins 
( oni se, llu ( lull! hi ‘ons lo 1 1 .isoii .mil lo ima«;mi siiiiit ih- 
i alls 

I h(*n should lollou I he 1 hn d pai I oi llu < oni si* in N.ikii ,il 

Si i( III e, ss liii h should he ol .i liioloi^u .il n itni i 

II IS .1 Lpial misioikini lli.il tins thud p.iil hiil i.iiils 
Iinds .1 pku e m I lu si hool eiii lu nlimi llu si hokii s i on- 
kiiin too Ion 14 ssilh llu nioii mei Ii.iiiie.il V.dni.tl Si leiu i s, 
Phssiis .mil ('liimisks, md h.isi si hool onls loo oliin 
ss ilh no knoss It di^i ol Hiolo^s 

Mils is till ( .ise i^eiiii .ills ss ilh boss, I honj^ h, nol ml 1 1 - 
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quently, girls follow a com sc ol moi phologita] Botai 
instead ol one on Physics and Chcmisti) 

In either case, tiie resiiUs aie bad Neither the bo 
iK'jr the girls know anything ol the modes ol hie ol plan 
or animals, the buys, because Llicy ha\c not studied t 
subject, the girls, because, without a knowledge ol t 
elements of Physics and Chemistry, they cannot undeislai 
It The lemedy is to lequne the scholars, boys and gii 
alike, to lollow the elemental y com sc in Ph}sirs ai 
Chennstiy, and then to proceed to one on the elements 
Biolog}. ^ 

The object of this book is to proyide such a bililogic 
couise, that is, one suitable lui the higher classes 
schools and loi the hist 3'cai class m the Umveisitv 
It IS true that the book deals only with the physioloi 
of plants, but it js true also that anyone who is lamili 
with the facts of this science knows not a little ol t 
essentials of ammal-physiolog) 

By following the couisc, the training in reasoning ai 
in imagination, begun during the stud} ol Ph}sics ai 
Chemistry, is extended The scholar who has pass 
through the thiee couises outlined above possesses 
confident knowledge ol the most important facts ol Natui 
Science He has also a tiamcd mmd 

This book IS useless as a reading-book, but, il 1 
intention has been lulfilled, iL should pio\e a seivireal 
tool w'hctewith the student may dig out loi himsell t 
fundamental Liuths of the science 

To do this means, ol couisc, hard w^oi k on his pai 
but once the student has learned that one ol the ehi 
plcasuies of hie lies m haid, intellectual w'ork — just 
anothci great pleasure lies m the hard, physical w'o 
which he bestow^s on his games — he wall, it is to be hope 
piefer this course to the casici, siLting-dowm metln 
wdietem he plays the pait ol a lecipient ol knowledge 
wduch he know's neither the origin noi the mode ol gettin 
If the book IS to sei\c the end foi which it has be 
designed, it must be used, like any other tool, in a prop 
w'ay 

The teacher should decide on the number ol chapte 
which aic to be dealt with m any special couisc I 
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should then divide the chapters into lessons, eacli of which 
should be accomplished in the hours which may be dc\oted 
to the subject in the course ot tlie week Hav mg explained 
that the need loi making one expeiimcnt lollows liom 
the conclubions diawn liom its picdecessor, the teacher 
should point out to the students that they should pay no 
attention to the lesuits ot anv experiment rccoided in the 
text-book until they tliemsches ha\e obtained lecoids 

Beloie stalling an expeiiment, the student should lead 
the instructions both in the text and m the appendix, so 
that hc^ma\ know all the details necessaiy toi the setting- 
up and •use ol the apparatus Having done this, the 
student should make, in eac'h case in w'hich the expeiiment 
admits ol it, a w'oikmg diauung ol the apparatus which 
he pioposes to constiuct, and he should w'l itc a briel pi c- 
dicLion ol the lesults which he expects to obtain by tlie 
peiloimance ol tlie expeiiment When the apparatus is 
made, and bcloie he begins to use it, the student should 
examine it ciilicalh wnth the object ol making sure in 
advance that the apparatus can do the woik required ol it 
Should the apparatus (ail to work properl}', the student 
must submit it again to ciitical examination in order to 
disc(j\er the cause ol the lailuic 

Nothing IS moiG \'aluable for the education ot students 
than learning to constiuct appaiatus, making it w'Oik, 
discovciing the icasons ot its lailuic and devising means 
lor o\'ei coming its delecf's 

Instead ol expending his eneigies m lectuimg, the 
teacher should devote himscll to obtaining mateiial suitable 
foi the expel imenls, assisting students m o\ercoming 
dilliCLilties and seeming permanent lecords ot the expeii- 
ments These rccoids should he deposited m the physio- 
logical museum, to which licquent reteicnee is made in 
the text 

When a lesson is completed, the teacher should discuss 
the lesults and conclusions wuth the students, and point 
out t!ie beaiing of these tcsulls on other paits ol the 
subject 

In conclusion, though the author must be held lespon- 
sible lor any eriois w'hich aie contained m the book, and 
lor the opinions cxpiesscd in tlie prelace, he acknowledges 
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with pleasure, what is acknowledged already in th 
page, that, m uniting this bonk, he has had the ad\' 
of the assistance of his colleague, Miss M C Rayi 
Nearly all of the illustrations have been made e\ 
for this \nlume Some are repi oductions trom 
giaphs, others aie due to the skill and kindness c 
Doiothea Richatdson, trom whose oiiginal diawiiu 
have been reproduced 

Frcdcrick Ket 


Uni\'ersity College, Reading, 
Decc}}ibct', 1910 
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The pioblcms of plant ph}siulogy and the* nielliod by ^\ hicli they 

to fie^sohed The bcieniifie nielhur! Classifkiil ion of [jh)iiolo< 

pioblems 

A SCLD sown iinclLi suitable conditions geiminatcs, giv 
use to a seedling 1 he seedling gious, puls loitli lea 
and blanches, dii\es its tools luithcr and luithei into 
soil, and becomes a malutc plant Ptcsenlly and in ( 
season the lloweis appear, cnduic in Llicii delicate bca 
loi a while, and, then woi k being done, fade away "J 
stalks uhich boic the lloweis now^ suppuiL the swell 

I lulls within which tlie seeds ate ripening ^Vhc^ 
su'ds aic set, the liuiL bursts open, scatteiing them 
and wide, oi , lalling to the giound and lotting, sows 
seeds ncai the patent plant Such aie the muie stiiki 
episodes in the Iile ol a Howeiing plant 

This legLilat sequence ol e\ents — the germination of 
sown seed, the loimation ol roots and branches, leaves a 
llow^eis, the setting ol the seeds and tlic upenmg ol i 

I I tuts — seems so nattiial that we aie apt to accept it 
needing no ( xplanation But when we begin to ol:)sei 
the sc\cial pioccsses moic close!}, to lellect upon them, 
to ('ompaie one plant with anothei with lespccl to them, 
find otii selves asking all soils of questions Why is it tl 
the chickwTcd of the hedg-erow^ luns its coin sc fiom sci 
ling to ft Lilting stage m less than one bi lef season, whils 
fo\gIo\e does not icach the Howering stage till its seco 
}eai^ B}' wdiat g\mnastic exercises docs the seedh 
extricate itsell so neatly Irom its seed coat^ How is it ll 
the plantain on the lawn hugs the ground so closely as 
escape almost umnjincd the knives ol the cutting machin 

K r A 
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Whence roiiK Llie powei and the mateiial i)v mcMn 
which the giant oal^ with gnailed tiunk and spiea 
blanches toinis itsch lioin an acoi n How is it thal 
matlci which v\ay tip wl plant a bean seed in the soil 
toot o( th(‘ seedling tuin^ duwinvaid and biiiiows in 
earth, wdiilst the stem twists itsell so that it comes to j. 
upw'aid into the an ^ Fiom what souice does the ^ 
obtain tlie sugar to wdiich it owes its sweetness oi the 
the pel [time with wliah it scents the an 

When once w'c iDCgin to inteicsl niiisehes in plants 
find that the problems which they suggest aic as \aij<. 
lliey aie numeiotis, and we lealise that m (W'cry j]^ai 
liedgeiow, field, oi gaiden, all soits ol sLiangc e\cnt‘ 
happening 

Could we but find answeis to the questions wdnih li 
[jlants suggest to us, w’e should be in possession ol a f 
bod> ot knowdedge concerning their lile and woik 
othei w'oids, wc should have taught ouiscKcs not a 
of the si'iencc ol plant ph\siology 

Hence the most picssing o( uui problems is, how 
we to set about obtaining answeis to an}' ol the qiies 
wduch arise m our minds wlnm we observ'e li\mg ]Dla 
Ciiiiosit) suggests the pioblems, how' d(K's science 
to soKc tlicm '^ 

In oidei to find out the method ol scicnlifK disco' 
let us fi\ oLii attention on some paiticulai phenom 
exhibited b\ a plant, tincl considci how we mav asce 
Us significaiK'c 

The phenomenon winch we will cliuose loi iincslig 
js the ougm ol the diops ol w'atcr which appeal oi 
leaves ol certain plants, such, loi example, as the 
1 t SOW' oats m oidmaiv soil m tw'o pots, and, ^ 
the lea\'es ol the seedlings aie loui ot five inches m be 
wc ma\ find, on (‘xaminmg them m the eaih' mutning, 
ncai the apex: of each leal is a shining drop of v 
looking like a dew-drop (Fig i) 

want to discover w'hcncc the w'atcr-diops come 
Thougli w^'c w^eic to sit up all night w'atchmg the pi 
we siiould obtain no solution of the pioblem nil we si 

hTlie numerals, in heavy lypc, winch occin ihrmighoiiL the hook n 
the e\peiimenls which are to be performed, see Prefnee, p xi 
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we call niKiginatJon to our assistance, and by its aid gi 
at llu aiibwei As the itbiilL ot guessing, we suggest t 
the walei be clew- luimed Iroin w atei -\ apoui in the 
Nc\t w'e ask ouiseKes, suppose the guess is wiung, \v 
iht n At once coniniun-sense makes answer, if th(‘ ws 
does not conic tioni the an, it must come liom tlic plan 
silt Having exliausted oui guessing poweis, we pioe 
to look coldiC at the altcinatn'e suggestions, and to lev 
them in the light ol common-sense In this case, eomn 
sense admits that eithct guess ma\ be right But 
guesses cannot both be light Thcreloie w'C must discc 
some way ol deciding between them 11 tlie piobleni*w 
one ol a kind w'lth w'hich we are moie lamiliai , Ini exam 
as to the height of a liiend, and it two people giici: 
dilleiently with icspcct to this, we should not hesitatt 
to our method ol \ci ideation We should stand the In 
against the wall and measure him That is, we she 
pLit the guesses to the test of expciiment Wheieas 
amount of discussion w'ould deteiniine the coii(‘ctnes‘ 
the guesses, a 3'aid mcasuic propeilv used would sc 
the matter in a minute 

In like manner, to sohe the pioblem ol the oiigii 
the watei-diops, w'e submit it to the test ol expeiim 
But how IS this to be dune"^ Once iigain we must ap] 
to im<iginalion and common-sense \\ (‘ must use tl 
faculties conjointh in oidci to iincnt an expeiimenlal t 
In 0111 paiticulai problem, it is easy cnoiigli to devit 
mctliod \\T‘ know^ that plants take up w-atei 1 10m 
soil, and so w'c aigtie thus il the diops ol w-alei on 
lea\ es come liom the an, they may make then iippi'au 
as icadily on the unwateied as on the w'atoiccl plants, 
il the diops come liom the plants thcmscKes, it 
piobal'ily matter 1 unclamenlall} whether the plants con 
much or little w-atei Tims we arine at oui methoc 
expel iment Walei one pot thoroughh, withhold w 
liom the olhc I , and t'xamine the plants on succes 
moinmgs VX'hcn we do this, we find that the w'atei-di 
aie plentilul on the leaves ol the wateied seedlings, 
are absimt liom, 01, at all events, Lwmm on the othois 

To i omplele llie piool w'C devnsc a luilhci c‘xp(‘i imcm 

2 For ('xample, give water to the pieviously 
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u^atciccl pot, stand iL undei a bell jai, and obscM\e that in 
h\L ni ten iniiiLites chops ol water appeal un the tips ol 
tii(‘ lea\es llieieloie we eonelude that iii(* watci whi(h 
appeals on the lea\es eonies hom the plant and not tiom 
the an 

But in solving Lhe paiticulai ptoblem, we ha\ e disco\ ei eel 
also the answei to th( crencial pioblem — how to set about 
getting leplies to speckd questions'^ lhe aiisw( r — h\ 
using e\arll} the ^ame method as that which we ha\e just 
emplc)\ed Iheie is indeed no other wa\’ It is railed the 
scieiHihc method, and in\oI\es, as w'e ha\e learned, pio- 
cesses ^1 guessing, leasoning, and tiymg 

I bus the pioi'csses irnolved in the use ol the method are 

iollow's 

1 The guessing process in which the imagination is 
united to suggest possible answeis to the pioblem undei 
iin'estigation Oui guesses may be as wold as we like to 
make them lhe more the imagination is allowed to uin 
not, the more Iikeh are w'c to open up new paths ioi 
inv'cstigation Indeed, it is no exaggeiation to say that 
the gieatcsL discovciies aie the outcome ol the wnldcst 
g nesses 

2 The judging piocess, m wliicli common-sense assumes 
the pait ol ad\isoi, iccommcnding this ot liiat guess as 
moie likely to piove tiue, and i ejecting any guess which 
I Lins counter to established tiuth 

T, lhe testing pioccss, whi(h consists in the devising 
and execution ol cxpeiiments calculated to dc'monsti ate the 
tiuth or falsitv ol the guess, oi , as it ma\ be called, the 
hv'pothesis, wdiu Ii gams the appioval ol common-sense 

4 1 he SLimrning-Lip piocess, by which we decide, 

Avhethci the evidence pio\'idcd l)y the results ol the cxpeii- 
ments IS cotnunemg oi not 

II the evidence is absolutely conclusive m lav our of oui 
hypothesis, w^e speak of that hypothesis ns a fact, il the 
evidence is inconclusive, w^e may continue, lor want of 
a better, to hold the hypothesis and to use it in our aigii- 
ments, though m doing this we have to be cxticmcly 
cautious, and to lemcml^ei that oui hypothesis is ‘ not 
pi ov cn ” 

Hence to stud} a science ai ight is not to become a nairow 
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specialist, I)111 l(> develop all the higlusl lai ullirs ot llu 
oiind tins stieniilK imlhod is not j)(LLili.ii Lo pLinl 
phjsiolo^^ It is ih(‘ nu'lliotl tmplo\etl in all the siienits 
and 1 )^ Us use* 41II the kn()\vlcdt>o ol naLinc winch \\« 
possess has been oblaiiud 

All that iCMiiains to be' done in this nUiodnclOM c hapte* 
IS to classilN' OLii pioblems, liiaL is, lo tiiianc;! those o 
like naliiie in yioups, anel the j4iolii)s in Le)n\(nien 
oirlei In d(’>in|^ this \\'(‘ will make' an ^issiiinption 

which may not, at lust si'^ht, sc'cni \Liy jDiobabh , bn 
which will be ot gieat se 1 \ u e to us Whelhei, tin 
assumption is line 01 Lilse ue shall discos ei ^is w< 
pioeei'd ssnth 0111 ins^c si igations We assume that th< 

lilc ot a plant is not dilleic'nt m c'ssc ntials liom that o 
an animal 01 horn that ol man himse'll Lhiless tin 
assumption is svholly lalse, ^incl, in tli.it ease', we shall sooi 
cliscovci out mistake', it will be ol gicat assislaiii t lo u 
m the othenvisc pti/zling j)iol)lc'm ol the' aiiangemeiU o 
OLii questions !m)i we know, wilhoul the aid ol si le lu e 
and hemi oui e'ommon e \pe 1 lemc'e', «i ge)e)d deal aboul ou 
own lile-pUKC'sse s VVe kneiw, loi example', tinil w i bed 
and that w ilhoiil tood eil eu'it.nn kinds ss t' i amioi hse \\ 
know that we' bie'atlu, and lhal wa I'aiineit exist |oi moi 
than a lew minutes without an W'e know^ .dso iImI we 
like annnals iii gene'ial, meiye*, tind that sonu most me ills 
as, for example, gelling up m the' men mug, de jie nd on ai 
e(le)iL eil will, wliilst eillui meiseme'nls, loi e xanijile , ih 
beating ol the luail, aie ineU'pe nde'iil ol e emsuousne s*- 
W'^e know alse') tlnit animals and ])Ianls gieiw, gise bill 
to young, and tillimaltly die' 

Ilenc'c sve aiiivc at the' lollownng e l.issilii al ion ol th 
pioblems ol plant physiology 
(t) lu'eding prexesses (niitiiliem) 
f:i) Ihc'athmg pioee-sses (i e spii al urn) 

(3) Giowlh piexesse.'s 

(4) Plienonu'iia ol nioseme'nl and ol se nsitis e ne ss (o 

11 1 itjbililv) ^ 



CHAPTER II 


TiJC mode of g( iniinaLiun of SLLd>i ihe jpaiLs u( Ihe seed and seedling 
ihe^^tiMg and active states of seeds the jesisimg powers of lesling 
seeds . geiininalion capacity the visible ordei of events in geimini 
lion The nature and function of colylLduns and of endosperm 
adaptation in plants laige seeds and small seeds 

A I LILLY ^ruwn plant ib by no means a convenient subject 
loi e\pcnmciUal pui poses Not only is it bulky, but its 
loots aic hidden in the giotind and cannot be distuil^ed 
withoLit damage to the plant On the other hand, a handlnl 
01 pea or bean seeds may be obtained loi a penny, and, 
when planted, the seeds prodtice seedlings in the eoutse ol 
a week or two Moieovci, inasmuch as the seedlings gt ow 
lapidly, we may assume, horn analogy with 3 oungchildicn, 
that they aic likely to feed hungnb Hence seeds and 
seedling's should piovc very uscUil to us in our studies m 
planl-nuLi ition will theicloic commence our woi k bv 

an (vamination of seeds and seedlings 

vSince we shall lequire seeds loi all soits ol evpciiments, 
ue mtist take every oppoitiinity ol ge.tting togetlicr a laige 
and vai icd ( ollection At the piopei times ol the yeai , iipe 
seeds of gaiden plants, weeds, and common tiees should 
be gathcied, diicd, and stoied in coiked or stoppeied 
bottles The bottles should be labelled, and on each label 
should be W'rittcn the name of the seed (01 fruit), the locality 
whenc'C it w'as obtained, and the date ol gatheiing If it 
IS not possible to collect a siinieiently varied assortment 
of seeds, some ma3' be purchased linm seedsmen and 
stoied in labelled bottles Samples of the seeds and 
hints should be nUKcd to raids with the name, natural 
oidei, and otbci intciesling details, such, lot example, 
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os locoIiLv cind and the caicL placed in t 

ph} biolni; i( a! in which iccoids ot e\pe 

Hu nts, specimens, and pliotog t aphs, etc , should he k('i 
In case the beginnci clues not know how to distingiii 
seeds liom 1 1 Lilts — and some liuits look e\acll\ like see 
— he should ictei to an elemental v te\L-boc)k (Bibli 
giaphs', 3 , c;), \^hich deals moi e pai ticulai I_\ with t 
moiphulog) of plants, that is, wiLli the chaiacleis ai 
pecLiliai ilics ol then lotm and sLiucluie Foi , though w 
III stud) mg llie wuik ol plants — that is then limctions 
snail ha\e tu tala' notice ol then foirn and sliLulLiie, \ 
ha\e not space to deal lull)^ with the moi pholog k al Li air 
ol bo tan) 

HaNing become familiai with the shapes, si/es, ai 
[Deculiai itiGs ol tlie seeds and liiiils of the common 
plants, we pioceed to gi'iminate some peas \l oik I 
question aiises since the seeds m oui colh'ction do n 
gciminate whilst in the bottles, what is to he done in oicl 
to make tliem begin to giow Now c\(M'onc who h 
access to a gai den ot to the countn knows how/ qiiu l^ 
WK ( ds and othei plants spiing up in sliowciv w'oathei , ai 
hence we make the suie giicss thal a supply ol walei 
net {‘ssar) foi geimmntion pAtn Lliough we know' Ihi 
we pio\'c it, (or, by so doing, we sliall e\t( nd oui kno^ 
ledge and mak(' it moie piecisc 

3 To this end, ptepau' thiee pots of gaiden soil, cl 
one thoiuLighls' in a kitchen oven, and, in oulei to pie\(' 
the soil liom getting moist again, set it to cool uncIfM * 
iiueiLed maimalade jai , oi similai \csse! See that tl 
soil m the other two pots is ihoioughlv moist Delcimii 
the avciag'-e weight ol oichnaiy, cli) pea si'eds wtughii 
several samples of tw'ehc each 'Put a eotiph* o! dozi 
seeds to soak in tepid water, and, aflei twenty-lom houi 
diy their siii laces l')v means ol a cloth, w/eigh nnrl com|:>a 
them with lespcel to w'/Kght, si7e, and shape w'lth the cl 
sp(‘ds Cak ulate the pei ( (Milage ol w/alei taken up No 
plant lour oi si\ peas in each ol llie thic(‘ pots piittii 
dr) sec'ds m the pot wntli the dry soil, div steeds in ot 
o( the pots with moist soil, and so<iked seeds m ll 
lemainmg pot Labf'l the pots t, 2, 3, and note in a lout: 
note-book the details ol Lime of planting, and stales 1 
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seed and soil Co\er earh ot the pots with a glass plate 
ot j')iece ot caidboaicl oi stitt biown papei , and see that 
tlic soil in pots :: and 3 does not gel dt\' Recoid the 
date's ol appeal ance ol the seedlings 111 each of the pots 
out the icsults neatly in a note-book kept tor the 
ptitpose, and add any reniaiks that seem intctesting 
R<‘LOids should be made ol the rcstilts ot c\eiy cxpeiiment 
that IS pciloimed, and, whenever it is useful, sketches 
should a(.Lumpan_\ the lecoids, which should be ai ranged 
rn brief, tabulated form 

4 lake the lemaming soaked seeds, wipe them, put 
them fn, a dr) pla(e — for instanec, on a sh(di in a living 
looin — and weigh them at daily intervals, and thus det(‘i- 
minc tlic rate at vvdrieh ihev lose water V\lien the\\ seem 
faiily div, put them in a thin paper bag in a desieeatoi 
(Sec Appendix \ ) At the same time, vv'cigh and pkiee in a 
pa[:)ei bag a dozen div, unsoaked peas, and put this bag, 
pK^pcily labelled, in another desiccator Alter an interval 
ol about a week, weigh the two lots and determine* how mu( h 
( a( h lias lost in weight Leave them exposed to the an ol a 
loom for some hours, w^eigdi them again, and compare these 
vv('!ghts with those ol the same seeds vvdien taken liom 
iIk* flesiecator Ftom the experiments, it is evident 
that seeds aic hygioscopic, that is, they take up vv'atei 
horn moist an and give up a certain amount ot W'atei 
w'lum the an to w'hich they aie exposed is diy The 
healing W'hich these facts have on such mnttcis as 
till* follovv'ing should be* considered — the impoitance of 
stoimg seeds out ol contact with moist an the dittcicnec 
lhat the vveathci at the time of harvesting is iikelv to make 
to the vuabihty ol the seed the advantage and possible 
disadvantage ol soaking bean 01 pea seeds befoic sowing 
m I he gat den the fart that, in wet autumns, seeds ol 
various plants may be found germinating vv'hilst still 
attached to the parent plant 

In cases where students vv'oik in groups, some should 
use one kind ol seed foi the above expeiimcnts and others 
another, p g baile) grains (vv^hich are strictly fruits), horse 
chi'stnuls, onion seeds, etc The results obtained with 
these dill(‘ient seeds should be compared with one another 
We have now confiimcd out knowledge that seeds, 
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in oidti lo gc'iminalc, icqiiiic waloi , \\c ha\<- lour 
that the amount (jI uatei whicli sc'Cfls, sLich as peas, ra 
al->s()tb IS SLMpiisingI\ laiye , and wc ha\c iLaint al‘- 
that seeds aie h) ^ i oseupK \\\ lecoi^nise tliat a kno\ 
led^e ol these lacts lulps us to stoie otn seeds [jiupinh 
and shows us how we ma\ liastcn then geiminalion \\ 
will ne\t determine whether seeds di led as thoioughl) j 
possible m a desiceatoi aie absulutel) ch \ , oi w'hcthci tht 
‘•till contain water 

5 To this end weigh a dozen peas whieh ha\c been i 
the desiccalot loi a week, soak them till thcN an solt, w'lj 
them with a cloth, and pound them in a moitai , *ransl( 
the w'holc ol the mash to a weighed, diy poicclain elisl 
and diy it thcji oughly m a di\ing o\fm at about ioo°( 
Attei two da}s, take the dish out ol tlie u\en, stand it in 
desiccator to cool, and then weigh it Replace th(‘ cli^ 
in the oven and eontmuc the weighing at daih inteiva 
till no luithci loss ol w'Cight is lecoicled Wc thus obt.ii 
the di y ^ivcighl ol the substance ot the seeds, and a e-ompai 
son ot this weight with that ot the desiccatui -di lecl sooc 
tells us how' much w^atci the latter, nj'ipai e*ntly cli) secc 
really (ontained The lesiilL ol the c\pciimciU pic)\es th. 
e\cn the eliiesL seed contains a con siclei able pCKCiU«igc < 
watci 1 he abo\'c expciiment wall be the moic instiutln 
if, at the same time, uthei \cgctablc tissues, c caiiot 
turnips, and aNo liish lea\es (giass oi spinaiMi, etc ) ni 
wiMghcd, cli led m a dcsiccaloi , weighed again, then choppt 
up (theie wall be no need to soak them hist, as they ai 
not so (Imty haid as the seeds), pounded m a muil<i 
diied in the drying o\en, and tluai diy WTighLs dcLerminc« 

6 A leady w'av ol pio\mg that oidmaiy aii-div sect 
contain a cunsidei able amount of watci is as lollows ha 
fill a wade-moLithcd glass bottle waih peas Stoppi 
the bottle, and place iL in Llic diving ovem at aboi 
c)o-ioo°C Altei 1-2 hoLiis icmove the bottle and obsen 
that, as it cools, w'atci, given off by the pens, condons< 
to lorm chops on the sides By tising dillcicnt kiiu 
ol vegetable tissue it wall be disco\eicd that ihev r 
contain a ceilnin amount — some a ^Clv laige amount- 
o( water, and that, ot \T‘gotablo sttuctuics, seeds conta 
fai less watei than an\ otheis That iL is to this la 
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7 I'|(|).M( I S111M[).I11 <>| lioihiio w.ihi, [)L|(1‘ a Uw 
niiliu.m (li\ pi.is .111(1 i(|ii.il nuinlxis ol so.ikid *in(l 
oi ill sK « .iloi -ill N [H.is 111 sin. ill (.iiu.is 1)1 nnishn 

lliMii 111 lli( IxhIiml; \ial<i im a liw sk oiids 

jil.inl lli( lliii< Inis (.ilii I sn.ikiiii4 till cli\ sKcls) in pnis' 

■ Iiul Kinid lilt II *4t Mllinalinil WIkkms tin lllnioiiolih' 
(In s( I (Is li.i\« iinl l)((ii iiijiiitd hv linn shoil innniisinn 
in hnilniL; \\.il<i,tli< sn.iki il st 1 ds show hy tlicni LiiIliicU) 
i4Minin.ilt Mini tin \ li m lx < n killid It is noU\w)iLhy 
Ih.il .id\\*nl.ii4( is i.ilstn nl tin iisisLintc nl dry sc<.*ds lo 
Iiii^li It iiipt'i Jliii ( s in lit .1111114 ‘4 1.1! I is ol o.ils, iIk‘ suilnc<js ol 
u hit Inn ( susp< » It (1 Inin 1 on In nn n.i u*d wil li I hi spoi i s nl a 
(list .is(‘--pm(hi. nn4 linn^iis t alli d simil I hi tji.nns nn 
[ilnni4i tl Id! Ii\( nniinlt s in w.iiii ,ii n Unij^iinUiic ol 
, .nil! siihsi (iiH nl!\ sow n Iht i (l< i I ol 1 hi hoi waU 1 
IS In thslidv iIk sinnl spoils uilhniil mjiii ini; the n.ils 

8 Nt \l, lilt t III I Is ol low li nipt I .mil i s on \ c i y dn nnd 

on sn.dvi d St ids should i)i diUnninid Ihc inosL i on- 
u nil lit \\.i\ In do this IS In |H)iin<l up m < nnd sail and to put 
Ihi* lirt/inL; innliiii iiilo .1 sin. ill |>.nK in ihr middle ol 

whuh .1 idnss Hash is pl.niil 1 hi siv'rin! sin.dl lots 
ol pens, ( nt h Inl in a nnishn l)a'4, .ni* put into tiie olass 
\ I SSI ! .nid It 1 1 linn Ini son 11 lioui s I he l)ni>s ol si i ds 

.n i lilt n \Mlhih a w 11, and I hi i 4 ei minat ion t .pi.ii il ii s ol the 

I In ( ( Inis nl si eils li sli d 

hinin ihi iisiill nl Mils rind sinul.n i\j)iiinunls it is 
li ni ni t! ih.il ill \ SI ( (Is ni I inni i 1 1 sist.inl to ad \ c 1 sc eondi- 
I mils I hnn sn.il id st i tls 

Dining ihi sunnnt i we in. ike .1 toinpniison helwi en 
mil ip( .111(1 I ijii pins l)ihnil( i \pi 1 iineni is not n< 1 1 ss.u y 
to iniiviiiM us th.it till nniipi si i ds in thin younc; pods 
innlam l.n nmii wntii than thi i ipe suds, .md u'c may 
t.iki It Ih.il, dm nu^ iipi 111104, niii pimess winch i4oes on 
IS Mil }4i,iihi.il loss til u.Mii 1>\' ih<‘ SI eds Whin, on llii 
OIK h.md, wei Ml in mind Mu isliimisol lemjiei aim i to 
whuh the siids nl pi. mis .ne < \pnsed dm 111^4 Mum lon|4; 
wmt(i\ sn|oni 11 in tin nmmid, nnd whim, on the oLlu 1 
h.md, wi i< ilisi* Mil c^ii.il nsisl.ml pow'i 1 ol diy seeds, w-e 
ennnot dniiht Mint this n.ilni.il di\m‘4 jiioiiss, wdni h 
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takes place dining the iipening ol seeds, is ol ad\anL 
to the plant, making undoubtedly in main case-s 
dilleiencc between destiuction and sLii\i\al lhat 
lestmg state is due, in laigc measute, to tlie naluial di\ 
duiing ripening ma) be inieiied Irom the cxpeiimeiUs 
ha\e made, and also lre>ni the I act ahead} noted that, 
wet autumns, \aiious kinds ol plants may be met w 
the seeds ol which arc aheadv beginning to geimimite 
the paient plants Specimens illutsti ating this phenomci 
should be collected and added to the museum 

E\pciiments recenth' made ha\c pio\ed that ccit 
seeds may ictain tlieir capacily loi geimination le^i gi 
niimbei e)l >eats, m one instance, among seeds known 
ha\c l3ccn kept loi 87 \eais, some weie lotind to be capLi 
ol geimination, and it is inteiestmg- to know that e\p< 
ments aic no\v m progicss to dctcMimne loi how Ic 
seeds, wdnch have been diied as thoioiighly as possible, \ 
retain then vitality Though, as we hn\e just leain 
ch} seeds may suivi\e loi many ^eaIS, theic is no cw idei 
to pio\c the Liulh ol the statements which aie olten mj 
that wheal giains and seeds ol other plants depositee 
thousand or moic ycais ago wnth mummies m mum 
cases m Eg} pt ha\x‘ ictaincd till the picsent dLi} Ih 
pown2rs ol geimination Indeed, theie is good reason 
belic\e that such “mummy w'hcaL” has long ago lost 
\'ilality 

Out experiments demons! 1 ate that a seed is a stiucli 
which, by icason ol its diyncss, is capable ol passi 
tbiOLigh a long resting stage Whilst in the diy sta 
It IS far moie lesistant than is the giownng plant 
pio\iding it with water, the seed may be caused to p. 
I torn us testing 01 latent stale into one ol ncti\it\ \V 1 
K true ol seeds is also line ol the simplei leproduct 
bodies of many ol the low'ci plants Foi instance, it 1 
been shown that the testing spores of some bactena - 
not dcsltoycd by cxposuie to such high tempei atui es 
ioo°-i2o°C, at which temperatuies the bactena in th 
ac!i\c, giowinq state aie killed That this gi cat powc'i 
hcat-rcsistancc is due to the dryness of the spores is plo^ 
by ihc fact that, il the spoies aic bi ought imclei such C( 
dll ions ol moistuic and vyatmth that they begin to gic 
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i 1 k\ lose then icsistant po^\els Since the ^ioli]doI plants, 
known as btKteiia inelucles man) cliicabc-pi oeliie ing loims, 
and since some of the latter piudiiee i ( sting-spot es, the 
bacLet lologisL and the doctoi ha\e to take the M'si^tant 
puwcMs of spuics into account in then efioits to exteiminate 
disease-pi oduemg getm^ 

Let us now K^iuin to our stud\' of seeds, and set 
ouiseUes to find out wliat is the fust \isiblc sign ol 
gei mination 

9 in oid(‘i to do this sow samples o( soaked seeds, 
some in eailh, otheis m geiminatois Geiminaiors of 
\ai lOLis pjjtteins may be obtained leady-made ( \ppendi\ B), 
but one ol the simplest and most uselul may be made 
fiom a couple ol oidinary saiiccis Se\eial la)eis ol 
thick white blotting-ptiper are moistened thoioughl) and 
fitted neath into one saucer A kw soaked seeds aie 
distiibuled on the blottmg-j^apei , and the oth( i saucei, 
into which moist blotting-papei ma\ also be htted, is 
in\ cited o\ei them The only piecautions neeessaiy aie 
that the blotlmg-papei should not be too v\ct to begin 
with noi become too di) 1 he saucei s ma) be coxeied 
w'lth a laigc jai or box and stood in a waim place 
L\ciy second day, twm oi thicc soaked peas aie pul into 
the geiminator in oiclei that w'e may obtain all the \«iiious 
stciges ol gci mination at one and the same time In the 
LOLiisc ol a day or two, a small w'hite conicai stiurtuie is 
to be seen pioj(‘cting horn the fiist sown seeds It elon- 
gates to loim a c\lmdtical body with a loundcd end By 
compaiing oldei with )oungei stages, it will be seen that 
this bodv 01, at all events, the gieatei pait ol it is the 
young loot 01 ladicle This method ol making compaii- 
sons backwaiel, that is, ol compaiing an olrlci ■with 
a )OLingei stiuctuie, is ver^ uselul, and will olten enable 
us to d('tcimine the natuie ol doubtltil structiiics Whilst 
the pea sei*ds aic gciminating, di aw mg's should be 
made ol each stage up to the time when the various 
parts ol the seedling aic lecognisable Germinate also 
a number ol olhei seeds, c g miistaid or cabbage, 
onion, etc, in order to demonstiate that what is 
liue ol the pea is tiue of othci seeds, namely, that the 
root IS the hrst membei to make its appearance V\'e 
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niig>hl incliLci lia\L ‘^liossccI th.it this unuld |)in\ 

Idl the L<isc, lot It IS h\ the lool ih,il llu pi. ml Iims 
in the soil, and it is an tsscnii.il condition loi i!h 
maioiil)' ut (loweiiHL; phinls that I h( \ should hi I 
“ i oot(‘d " in tile soil 

d he n(‘\t sicme in ion ina\ hi s( i n in 

seedlin^^s, the ladulcs ol wlmh .m ahoul an im 
lenj^th In sik (i scc'dliiii^s, a unioiisls' loopi cl siiu 

makes its appeal. inci' Om end ol this slim tine is 

linuoiis with the i.ulii li , thi‘ olhi i end is sldl in tin 
Ciiadually the loop Icimlhins and ullimah 1 \ ils iiii 
heeonu's \asihle 1 his lice end, wlun looki d a^ lln 
a poc ket lens, [Diesenls a somi u h it plunu -liki appi .ii 
llu pa I Is i Ol u s|)ondiiii^ l o i hi 1 1 it In i s he sm dl, e; 
Hat stiucliiics, the sinalhsi ol whuh .nt \<i\ [niiiiili 
wuipi)etl lOLind the tip ol tin looped IxnK Ih ( oinji 
tins with latci stages, it is i \ id< nl th.il tin loopi d 1 
which soon stiaii;hlens out and ponds iipw nd, is tin ‘ 
and the sm.ill e;i(‘c n stun lini s, w hn h ,n isi as onii^H 
horn It, iire tlu‘ Icavi s 1 his sn ill 11114 "'t<‘ni, with its in 
leaves, is c.illtni tin pliiiniiii lollos\iii |4 it iIocmi 
L owaids the ladiilc wn* luul ihal, at .i iMt.nn point, 
ai atlai lu‘d to It, on ( d Ik 1 suit , l w o st.ill' s llwi u 
Llie sied-io.it lioni the si (‘d ol ,1 1411111111 . 111(1 pi.i, wi 
cov'in IhaL ihi* pait ol tin sei d whuh w,is i in Iom d 
sepal ales into I \m) hal \ ( s, .ind I h.il i ,11 li p.n 1 is t onn 
with one ol ih(‘S( stalks llu two, iii.e-siw, moi i 01 
hetnisj)lK‘i teal hodii s, wliith an loniuilid h\ stills 
the stem ol thi* sKilIin^, aii‘ i .illi d the i ot \ hdoiis 
seiulv we shall ha\( to lind out what lln \ .m .md 
they havc‘ this ])et uh.n shape 

riie dillcieiU p.n Is ol ihi sc edlinet iia\ e 1 1 1 m\ i d did 
n. lines Noi is this iiniu < i ss.n n , lot d Lnihl.ihs 
paiison betwGCMi difliMini si (‘dhnt^s .md < nddi s i 
appicciate the lai L that, despite thin pual dilluMn 
shtipe and si/e, kiii4<' nuinhiis o! sei ds and s< i dlnii' 
huill on lh(‘ saini I iinikmuad.il Inns I liat this is so 
l>e seen (ly lompaiinj^ Ilu‘ simls .md seidliiiMs ol lln 
ladish, .mil sM.nnoie, illiisi 1 ateil m Im‘4s *, and ] 
ft Ihese SI ed!in‘4S loiisisls ol .1 shoot md ,1 
(radiefe) I lie shoot is niadi‘ up ol .1 h al-ln ai ne; 
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w liK h himiiiiiUs in <i hiul (lln pliiiniih ) I lull pnil ol 
Liu slioot w hit li lus .il)n\t lii( instilnni nl lln lolvUcloiis 
IS lallcti llu ti)nt)iNl, .iiul llhil w hit li lies hclow (lit 

t t)l \ It (ItMis nnd intii^ts iiistiisihh iiilo Liu lool is t <tlh (1 
llu‘ Inpot t)l\! In sonu pi. nils, i ^ pn.i, tin tpnohl 
in.ikt s np lU.iih .ill (>l lht‘ innlnii shool-sN sit in, tin 
h\[)t)iol\l 1 ( in.iiiiiiu^ shoil, in olluis, c i.ulish, (he 
ipitt)f\l i^ious hnl hllle 1 hioiiiihonl its hist \t.n, il 
itnn.iiiis \(i\ shtni, .iinl piothnis n instllt t)l h.nts .ii is- 
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MU; Iioin .ihoiil tiu l;m)Uii(I It \ 1 1 I In lnpn'f>hl, tni tin 
toMli.iM, iiKK.ises ( oiisich'i .il>l\ in length, iind, with tin 
101)1, loims lh<‘ fdihh ol iht' i.idish 

H\ toinp.iinn^ siit !i \tM dilltienl setdliiij^s .is those ol 
lhf‘ pia, innsl.iid oi liiinip, Iht* t .islt>i -oil pLinl, tit , 
we it.ifh the ( OIK liision ih.il siind.n p.iits 'in* pi(‘s<‘nt in 
t .It h, 1 hoii^h llu .III de\ t'lopt il to dillt 1 1 n( extents in llu' 
dillt I t‘n| })]aii(s 

\V< have now to in\( sluj.ile the nalmt‘ r)( lh(‘ luo laiL>(‘, 
lolxul hod It s w hit h, as we ha\ e st t n (p i j ), an* .'it I .it In f I 
oath l)v a stalk to llu stem ol (he set‘diiiu» l?y i e- 



PLANT PH\SfOL()(iV 


i6 

lIk. Luat ol a soaked, Lini^ei miiiatecl pea o 
bean bt eel u e (ind tliat, on piessing £ieiul\ on thi 
sCL'd along the edge opposiL(‘ the ladiele, th( uliite 
llesli) mass shows signs ot s(‘paiating into two halves 
It we 113SCIL the puiiU ol a pen-knifc in the split w< 



Tie 3 — R\dis7i (Rm''hanus rapii vnistuum) Slld \ndSci ni ings 

I Si (.lI 2, T, |, 5 Stcdlings in foui su(Lt.ssi\L sU<,( s of y;*.! miii ilion r, seed, 
/*, li It i , ^ , mill k , L , LOtyledoii , //, pluitiulL , //, hvpni'tt}!, f, cpiLiilj 1 , , pi unary 
looL , // , latei il louti) 


can, without teaiing anything, foice the two hahes 
apai t and see, bv the aid ol a lens, that the epicot}!, thoLigdi 
small, IS alicady loimed, and lies picsscd close to the 
imiLM suiliUX ol one of the two Oeshy lioclies, which 
w^e iccognisc as the cotyledons Hence the seed of 
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the pea consists alreaclN ol a minintuic plant with cpicolyl, 
h\poLuL\], ladicle, and cot> ledons attached to the stem 
tit the junction ol epn oLn I and hypocol^ 1 1 lie whole 

f mbr\o, as the plant in the seed-stage is Ctilled, is enclosed 
in a sced-coat, which, except lor a minute hole (miciupNh') 
at the place uheie the luot will emeig-e, loims a continuous 
en\ elope about it "1 he stiucLure ol the pea oi bean seed 
IS now clear, except m one paiticiilai We recognise in 
the embno all the parts present in tlie young- plant with 
the exception that nothing compaiablc with the cotyledons 
occLiis m the lattei We must theieloie attempt to dis- 
cu\er what the cotyledons aic, and w'hal aie then paiticulai 
functions 

Fust, we will sec w^hethei w'c can hnd out souk thing 
about the cotyledons by examining the young pea or bean- 
plants wdiich we have raised iium seed 

Dig up a plant wdiich is tiom six inches to a loot high, 
and, " obser\ mg that the remains ol the seed aic still 
attached to the stem, lemove the sced-coat and note the 
shii\clled col\Icdons Sometimes w'c may sec that a bud 
or e\en a small branch spimgs liom the angle (axil) w'hich 
the stalk ol a cotyledon makes with the st('m II we do 
not find such axillary buds or branches, w'c ha\e a leacly 
means ol causing them to giow laige enough to he seen, 
namely, by pie\entmg the giuw'Lh ol the mam stem 

10 Thus, hawng selected a seedling bean-plant about 
three inches m height, gitiwmg in a pot oi in the open, cut 
awxiy or pinch oil the stern at the giound level AIt( i some 
weeks, w^e note, on digging up the plant, that the two 
shoots w'hich ha\c loimed aiist', each in the axil ol the 
stalk of a cotyledon Now take a bianch ol a tice and 
examine it to see how its lateral buds and bianclies aiise 
They wnll be found, in the \'ast majoi itv of plants, to 
occur only on the stem just where a leal is boinc, m 
other u'oids, lateral buds arc borne in the leal-ax iK We 
mav argue thus, latcrai buds and the blanches wdnch they 
produce niise m tlic axils ol lea\T‘s a latcial bud, whirh 
develops to a branch, aiises in the axil ol a cot\lcdon 
thercloie the cotyledon is a Icxil But slk h an aigumcnt, 
to be rommrmg, requiies to be siippoited b) other c^'l- 
dcnce Let us theieloie see if fuitlicr c\ idcnce is to be 
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loiind 1 he Lidnc) bean (Pliaseokis \LiIi>aiis) i^, \civ liK 
the biuad bean (\'i( la laba) 1 hev both l^elony tu tli 
same (tunil), and ate hkel\, Lheicluic, tu be siinilai in the 
css<‘nLia[ ehai tc i s 

11 Sow thiei^oi loLii kidiKW hcLins and slud\ then j^ei 
niination It will Ix lound that they make no conecalinei 
ot Llie luliai naliiiL ol Llieir cot> ledons , foi, as geiminatio 
pioc<eds, the cuhledons are diawm out ot the secd-coai 
iDornc upvvaid aboxe the {^lound, turn gicen, spiead out (lai 
and show themsebes to be lca\es Cot}led()ns which iis 
ab(j\e the sin lace ol the yiound aie said to I)e epigean 
tliose, c g ot the bioad bean, w'hich lemain below th 
gionnd, aie teimcd li}pogeaii 

As an exeicise in obsci\atiun — and obsci v'ation iccjuiic 
exeiLise and hcr|U(nt excicise loi its de\xlopment — clclei 
mine tlie natuie ol the coGledons ol the casLoi-oi( plan 
(Ricnuis communis, big 5), Instly, dissecting (aieiull 
soaked seeds allei iemo\ing then coats, and, seeondb , b 
ubsei \ ing gei mmal lon-stages 

It lemains to hnd an answei to the question — wh\ 
adiniLling that it is a leal, is the eoiyIccl(jn apt to depait s 
much liom tlie coinentional loim ol leaves^ 

12 II, duung eaily spiing, \vc look at a lilac o 
pii\et bush (list when the bulls aic bi caking, wc hn« 
that the oulet leaves ol the bud, thougli gieen <m. 
like tlu‘ innei lea\cs, icmam small, and may I a II oil a 
the bud glows to lotm a ]>iancli But il w'c ( ut aw^a 
the top ol the bud w'lth its gioup ol vci y ^jung lea\e 
just alter it has opened, the outcimost lea\cs, whit I 
noimallv lemain small and bill awaiy, giow into oidinai 
foliage Ica\es (museum) Nou^ lepeat the obscMatioi 
and expciimcnt on the buds of the lloweiing cun an 
(Ribes sangLiineum) By dissecting away the"lca\e‘s o 
the just-opening bud and laying them out in oidei 01 
a sheet ol papei , wc sec that they loim a sci ics wdxrh 
vvhf'n wx read it Ijackwaicls, fiom the inncimost to th 
outermost leaves, computes lully-loimcd lohage leave 
consisting ol blade, stalk, and leal-base, leaves, tlv 
base ol which is well developed and the blade only jus 
recognisabli' , and lea\es consisting ol leal-base only (sc 
Fig 6) These last nevci giow into oidinaiy leaves, and 
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lin\jny sct\ccl the purpose ol pioterting the bud ckiiins; 
winlci, aio edsl f>fl on the opennij^^ ol the IjlicIs in spiiny 
(museum) Fiom tliese evrimplcs we leain that n pUiiU- 
menibf'i, such as a I(‘af, ma>^ be ('onsLi anu'd, arcoiding 
to the need ol the plant, to rhange its (unction W'e learn 
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iurtlici that when the liinction changes, the foim may 
also change 

Man}' impoitant (acts ((klow fiom tins conclusion For 
example, it is e\iclent tliat ifie parlieulai loim assumed 
b}' a leaf, oi stem, nr loot, lias some i elation with tlic 
Ivind of work it has to do Hence, just as we inlet w hen \vc 
see a sharp-edged tool, that it is used lor cutting, so, wdien 
we have had some gcncial expcticnce ol the Kinds ol woik 
to w’hich the dillcient paits ol a plant’s macliincry are 
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put, wo ulO able to intci f ioin a clopai tine lioin llic noim 
UMial toim displuNod In a nioinboi ol tin. pbiiU-bodN tl 
tli.it iiuniboi is Lhaiyod with a iiiw', uiiusiial dut\ 11 
pow(i ot adjusting nuans to cntls is posstssed b\ plai 
and animaL to an cxtiaoidinan ('\t( nt, and is spok 
ol as adaptabililN , tin' modilic at ion b(‘ing talk'd an adapi 
tion Tlic powti ol adaptation In w hit b an oigann 
ma\ modilv the ItiULlion ol an oig<ni and tfloit t hang 
of stiLirtLiie and ol shape soiMiig to fit the tngan I 
Its now' woils, sht)uld be studied In tin sttidtnl 
suitable se*isons of the \o<n I'oi ('xainpk', ht shot 
deteimine the mot phoiogioal natuie ol the tiaidj^ils ol 
{11 a plant, asking himsell, aie tht‘st' stiut tints stems, 
leaves, Ol pai ts ol leavis, oi loi/ls-^ W ht n ht has solv 
this moi pholtigical piobleni, It t him ask himseil wludh 
this dcpaituie Itom the noi imd stmt tine lits tin* oig 
lor the w'Oi k il has to do Among the innunuM able siilijt t 
lor such moi pbolog ical c\ei cists \vc may mentum [iota 
tubeis, opening buds ol Ijcecb, onion oi hyatmlh bull 
stiawhcri} iimneis, and doulDle llowtis (siot'ks, lost 
f tc ) , but the best siibjeets aie those w'ha li the stuck 
discov'eis loi himscll The mt'lhod In must ust is Ih 
ot compaiison He must (ornpaie Iht' thing w’llli its( II 
clifleient stages ol its (kn t lopmeiU, / <■ lit must stiith i 
dev ('lopmenlal hislniv oi (mbi3'ok)gy, and ht must ( oi 
paie tht' thing vv'ilh its neaiest allic's, e g a cloubk^ (low 
with a single flovvci ol tlie same spt'i it's — a gaidtn lo 
with a vv'ild lose, and so on I his is Ihi mtthod ol ( oi 
pai alive anatom) , wdnch may l)i‘ pin sut tl liiillui anti m,e 
Lo include mici oscopic as well as a niilci'd-e v ( m\tstig«ilio 
Now to apply oui ooncliisions to tolyktlons In st)i 
plants, the lohai natuie ol the eolvlcdons is obvious r 
ir plants of the cabbage ti ihe — tin nip, t'l i ss, t abbag( , 1 1 
— and in the castoi-oil plant, etc , in oLht'is, though n 
nppaicnt at fiisL, it becomes so dLiiingf gei min.il ion, r 
Ividney bean, in )ct oLhcis, c g the pea, bi'an tind hois 
chestnut, it is bv no means appaieni K(‘t‘ping m mind li 
cases ol the buds ol the lilac or piivet and ol the How tin 
currant, wcsiiimisc that the ic*ison wdiy some ('ol\l< dona 
leaves have ictaincd then loliai chaiaeter whilsl otlu 
have, in laige measiiic, lost it, is that the Inimei lia 
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tctained the (unctions of ordinal y lea\cs» and that the 
lattci ha\e exchanged these 1 unctions inoie 01 less com- 
pletely (oi othcis Change o( loim is an outward and 
visible sign ol change ol I unction \\ hat then is the new 
(unction which the thick, unleal-like cotyledons ol the pea 
ha\ c assumed"^ When the castoi-oil seed was dissected, 
the student must ha\e been sti tick by the (act that the 
cmbi\o did not take up the whole ol the space wnthin the 
seed-coat He saw^ that, cn\eiing the thin, delicate seed- 
lca\'es (cotyledons), which lie piessed togethci in a plane 
median to, and paiallel with the llatlei siirlaces ot the seed, 
there is^a mass ol solt, white tissue This tissue, called 
endosperm, (lom which the castoi oil o( commerce is 
exit acted, lias no conn tei part in tlic npe pea 01 bean seed 
On the other hand, whilst the cotyledons of the pea and 
bean aie thick and unleaf-Iike, those ol the castoi -oil seed 
aic thin, and so leat-like as to show e\ en their “\cms” 
L(*t us slate the lacLs tluis — Castoi-oil seed, cotyledons 
thin and leal-like, a mass ot tissue (endospin m) external 
to the embryo making up the laigei pa it ol the seed 
Bean seed, coUledons (leshy, no conespondmg endo- 
spet moLis tissue extcinal to the embryo, the secd-lea\cs 
making up the larger pailol the seed II w^c could discovci 
the Lis(‘ of the endosjieim to the seedling, w'e could make 
a good guess why the cotyledons o( the bean are Hcsliy 
Convcisely, it wc could hnd out w'hal purpose is seived 
bv' the llcsh}/ cotyledons, we should know piobabl}^ wli} 
the castoi -oil seed contains eiidospeim Again, as always, 
w'hen con lion ted wnth pioblcms in plant-physiology we 
have iccoLiise to our scientific method ol guess and expei 1- 
ment Now' it cannot have escaped oui notice when wc 
wcie geiminalmg vaiious kinds ol seeds that some aic 
small and produce small seedlings, and some aie laige and 
pioduce kitgc seedlings II w'e examine seeds ol the lattei 
kind, we see that they have invariably eitlui large and 
flesh} cotyledons or much endospcim, and if w'c dissect 
seeds of the loimei kind wc Hnd that the cotyledons aic 
thin and that, il any endospcim is present, the amount is 
but small 

As a study of the museum specimens shows, the si7e 
of a seed has a i elation with the size of its cotyledons 
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01 (jndospCM m, and not uitli the si/c ol tlu matin e plant 
v\hi(Ji It piodiKcs MoiLONt'i, a lai^c d piodiiccs a 
Lni;(' scccJlino^ jnri a small seed a small scLcllim:;. We 
(an scan civ cloiiht ifiat the biy stcdlint; is due m some 
way to the bii^ (oL\lcdons (a to tin. laigc amount ol 
(ndospctm, and, thinking ol tli(d cltc( t which piopci Ircd- 
ing has on tiu* si/c oJ \oung animals, the idea dawns 
upon us that poihaps tlw. huge cotNhdons and the 
{■‘ndospci m contain (nod supplies on whicli tin* seedling 
IS rna))k‘d to iced dining gcimmation This h\]Dotiiesis we 
(an put to the test II it is true, then, as the seedling gi ow s, 
l1u‘ LOL}lvdons sh(jLild be tound to shii\c‘l and the enclo- 
speim to disappeai \\"c have alicady s(‘cn the shiivdled 
eoL3'Icduns ol the 3 0ung hcan plant (p 18), and so Jia\e 
some conlnmation ut the coiiectncss ol oui Inpotliesis 
13 lo obtain complete pioot wc' mav pioeecd to 
w'eiqli the shiivellcd cotyledons of a bean whic-h is about 
a loot higli Aliei divino thorn 111 a diymg n\cn, we 
compaie their w'eight with that ol the cot}IedDns ol 
ungeimmLiLed bean seeds, similar Iv dri(‘d We hnel that 
lh( cliv u'cight ol tlu shii\(IIrd (.ohl(‘dons is considei abb 
less than that ol th(' licsh rot\ Icdons ol img-(M minaled 
seeds Anoth( i and moie sinking metiiud ns soon as the 
c'pi(.ot3d ap[xais m eaeli ol si\ kidney hi'an seedlings sown 
m geimmatois, nmo\e, b3 means ol a shaip kmle, the 
eotydedons liotn thiec M them, and plant all sik seedlings 
m a pot with gaificn soil DeUimmc the into ol giow'th 
ol the tw'o sets (Fig 7) Rccoid diaw' and piesctxe one 
j^kmt ol eithei set lot the mus(‘um (Foi this pm pose the 
|d<mls may be diii'd b( Lwx('‘n blotting-papcn and mounted 
on L.iids ) A similai e\peMm(‘nt may be made with n'lai/c 
or w'heal seedlings, in which case it is the cndospcims 
which must be lemoved (cl Fig 8) The result in cithci 
( ase IS llie same The seedlings loimed fiom the seeds 
depiivcd ol their fleshy cot3led()ns 01 ol then endospeim, 
though they giow^, mciease in si7e much moie slowlv than 
those Irom jntact seeds Whence we conclude that c ndo- 
spci m and fleshv (^otvledons seivc as tfseivoits of lood- 
malciials on which seedlings diaw lor then nutiition 
Presently (Cliaptei ni ) we sliall have to cncjuiie int(3 llie 
naUnc ol these loocl-matcnals and how the seedling obtains 
them 



26 


PL\NT Pin SIOLCXn 


1( IS iiUci csl iiio <iiul t\pi(Ml llit UiiN^ <>l li\ ini; i 
I Iial tlir saint t lui, in 1 his i ast l h.il nl « ndnw mt; 1 lu 
liin^ \\ illi a ( apil.il ol hxul w hu i w ilii l<> I in liii , 
l)c scciiiccl by clillcicnt \\a\s lln mii , hs loiixMiiii 
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st'r‘ci“lca\ fs into sLoi i liniisc s, Ihi oiIki, In llu pm 
f)l a sepal ale , null iLi\t‘ (i isiii* (uHlnsjit i in| t \ 1 ( i n il 
(‘inbi VO fn poinl ol lat I, lh< (lilhiemt htlWMn 
uilli, .111(1 se(‘cls wilhmil eiulospi iin onh .inmunts In 
llial llu iinhMO of llu* eiulnspei moiis st t il w.nls 
iL brqins lo qiow belon l.ikinq up llu pin\is!nn nl 
inatciial nvitlt Ini iL 1 )\ ilu* [lainil pl.iiil , uluo.i 
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cm])i\o ol ihc s(‘cd without (jndobpei m takes up the lood- 
sLihstcinccs and stoiLs them in its i uts ledon^. beloK it 
11 pc ns and cumes to icst If tli(' paicnt makes a hbeial 
ptONision, the LOt 3 lrdons beromc thick and !lcsh^ , d the 
pi()vi-.i()n IS nigyaidb, the (’ot\ledons icmam thin and 
the seed is small W'lth a know'Icdg’c oi the meaning 
of big cot^ledonb and huge masses ot cndospeim, ^^'e 
obtain an undci standing ol tlic significance of the gieat 
\ai lability ul ^ced-pi orluction showm b\' different plants 
Ihc paient plant pi o\ ides the material out ot which tlie 
tissues ul the cutsledons 01 cndospeim and embno aie 
loimcd , The paient ma\ piuducc either man} small 
seeds or fewei laige seeds compate, foi cvample, the 
poppy and pea 1 he one or the othei habit runs in 
plant-lamihes, and it is inteiesting to note that, ol two 
ul the most successful plant-families, the mcmbeis ol one, 
Legummosac (peas, beans, clo\ci, \ etches, etc), pioduce 
laigc and lelatixely lew seeds, those ol the othci, Com- 
poMtae (dais) , dandelion, ( Ic ), piodure small and i elati\ cly 
man}^ seeds We can also undci stand that the w'uik ol sced- 
pioduction entails a ceitain amount ot exhaustion to the 
parent plant, and that, thcicloie, a copious ciop ol seeds 
and 1 1 Lilts one 3 eai ma\ use up so much ol the food- 
mateiial at the disposal ol the paient that but lew', 01 e\cn 
i'‘o seeds ma}' be pioduced the lollo\ving \ear, eg beech, 
etc So much is this the case that there is a gieat gioup ol 
plants w'hich die altci once Howciing To this gi oup belong 
oiii annual gaidcn plants and w'cccls which li\e lui one 
si'ason Or loss, pioduce seed and die II the}' aie prc\ented 
liom llnweiing, then h\es may be piolonged, as any one 
W'lth a gaidcn or ewen a space 1 01 pot-plan may piu\e 
for himsell Not all oncc-flow ei mg plants, how'c\ei, aie 
annuals, \niious tiopical 01 sub-tiopical shi ubs and e\en 
tiecs glow loi many }eais and uhimatel}' flowTi, set seed, 
and die (e g species of aloe, palms) Olhei plants aic 
biennials, that is, llow'ei in then second year (lui nip, cai 1 ot, 
lox:glo\('), v\hilst others ag-ain aie perennials, and ma} li\'C 
for centimes and llower again and again 

Ha\ mg accomplished our objects, ol learning something 
of the gencial natuie of plants and of beginning oui 
studies on nutiition, we will conclude this chapter with 
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the icni.iih LliaL llie pea oi ixiin In pi <*1 (llin> 
iK axi'^ LLinunatin^ .iI)()N( id *t jihinuiN jihI Inin 
ladicle ..incl iDcaiiDL; luo ((DnIiiIoiis l.iUi.ilK, i i 
od!n' typ(‘ ol si^ccHidl; l<» b< dh i uiili luioih' lln 
plants Jl uci'all llus M [x iIk Danhlnns l\|n, \' 
i^ay that thcic is anoiliii, \(i\ v nnd l\pj, n 
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Monocotylous type Seeds c,l (he i.dln, , 
ulH.it, oats, bailey, mai/e, .md tl.iie, slmuld li. 

tic museum {I.-i.. p) Some help u,|l l„ 
av <>' seids as ih,.., I. 

(Biitoj.; I':'”:',)''"'’' " - ■" 



CH \PTER III 


Thl naLuic iind clicinical piopeities uf ilic food bubsinnces conttiiiitd ii 
« the culylcdons and endosperm of scecK 


W^riLN \\c rcOecl on Llic icsults ol uui obsc'i vaLions an< 
c\pci imcdts on lleshy cotylL‘dons and on endospcim, \\( 
aie bound to be stiuck by the IncL that tliose seeds wdiicl 
eoiUain Luge qiiaiUiLies ol (ood-niatei lal sei\ing loi LIk 
luitiition ol the s((‘cllings aic also the seeds whieh ai( 
used most lalgel^' by man and animals loi lood W'hei 
eeienl ciops arc iipe, that is, wlien the plants ha\c Lians 
Iciied stoics ol lood-matenals to the endosprim ol tiu 
seed, man inLei\cnes and, gathciing m the eiop, make‘ 
lloui liom the giains Morks ol buds anticipate man, anc 
l-iy then dcpiedations bung seiious loss Lo the laimci 
Iccming populations in the East suppoi t lile solely on i ice 
the seed-hke liuiL ol a grass (Oryza sati\M) The oilcake oi 
which rattle aie latlcned is deii\'cd I mm the lemains ol 
the i esn \ e-mateiials ol the seeds of lapc, cotton, etc 
Thus the conclusion impiesses iLsell upon us tluil the lood 
matciials ol the seedling sene also as lood loi man tine 
animals Tliat this is so, will add mteiesL to olu picsenl 
enquiiy into the natuie ol these lood-ntalei lals and the wmn 
in v\diich they arc Lised by tlic seedling Since a thoioug! 
c\ammaLion into the chcmistiv ol the loocl-materials, oi , 
as wc mti\ call them, the resen e-materials ul the sc(;d, 
in\^c)I\es both a knowledge ol chemistiy and also thf 
occasional use ol the micioscopc, and since some sUidcnlir 
may lack tlie nccessan chemical knov\ ledge oi be unskillefl 
ill the use of the micioscope, wc will indicate by means ol 
an astciisk (*) the experiments w/hich may be omitted by 
beg mnci s 


2S2.9 
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PL \N1 V\l\ 

[1^4: Soak one oi lv\ n \\ In n I < 'i i) n I' ' i-i > mms in 
^vhcl^ soil, cut Lliim in iinlst'., mul miu-m s.mii, ol ih 
cndoscun 111*011 a sau('t‘i oi fioiMlnin ndd i l( \ 

o( a solution ol uhIiiu tlissoUid in u.il<i uilh pol 
iodide (\i)pciKli\ A), note llmt n l»liu » olnm is pi. 
Obtain some finclN powdi icd, f>Mi< *^1 "• li linm , 1 
ic‘pc.U t(K pot<issiiiin-M)t(ii l( mmIiih I< si (i) h\ .idd 
solution diiect to the j)o\N'(l< i , (-I in t I)niiini 4 .i 
the staich u'dh ual< i ui a test lulx ni \>i ,ili i, tin u c 
the boilctl lirjLiicI ^\nlh s(\iijI linns il > \ nlunn ol 
and, allci cooln\y, iUldmL; the uidine soliihou il 





Fig ro — SiAKrrr 1 ik mn . i i.i iM iiii I no I'l i *i tu Um.i 

liiliMM ijI L;taiiti, s lilt* • <<1 iiiLilii iiliiji liin i i ildK m 

MlLL.C'iSU L I 

blue liquid, nole th.il tin loloui di.ipjie.us j 

the lap, note dial tiu' (oloui i(M])|n ii . \\ ( ihii 

nunc that the bine loIoui oblaiind m (In p 
(. K])(ji imeiU is diic‘ It) slan h \\ i sp< al nl tins m a» 
a L(‘st (oi staich, oi as the i<n/j)ii -o at tnni loi si tj, b 
15 ^ Smape iIh‘ tut siiiiaii ol ,i so.d < il bt lu ‘ 
bailey giain willi a (han knih , tianshi .i ii n t 
sciapings to a small diop ol \'kalM on a riao Je 
on a co^ Cl glass <uul (‘x.iniiiu tin jnt paialioii al In 
a low and then with a high pou ( i ol I in mu 1 1> .i upt 
sevLial slaii'h giains, mtlaalui*' iIk ■ Ii.ii k it i i a 
ccnti It' mtii kings ( h ig iti) 

16^ Cut sei'tions Ihiough till < iido .pt j m oj v\la 
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cot\Iedons ot Lhc be^in and Lhc Uibei ol Ihc poUiLo Note 
the positions ol the slaith grains, gioups ot whieh he in 
the Lumpaitment^ ot whiili these Iissul^ aie composed 
Diau Run in under the co\oi glass ot one ol these 
mici oscopc-pi epai atiuns a diop ol potassium-jodide iodine 
solution Note the l^lue oi blue-black colour ot the giains 
Ciush soaked udieat giains in a moitar with a little watei, 
lianslci some ot the pasty mass to a test-tube shake 
vv^ell and hltei through a fillet tunnel lined with filter 



Fig II — Dialyslr 
A, p-iii-limcnl lube, C, gla^slod 

paper Dctciniinc that the filtiatc, le the liquid w'hieh 
passes thiOLigh the hltci papei, gi\es no blue eoluui 
with the iodine solution, in othei wotds, that starch is 
insoluble in waLer 

17 Boil some commercial staich wath watei note that 
it passes into an opaloseent, thin, jelly-like condition, but 
does not dissolve Dilute some ol this starch-containing 
liquid with w'atei and pour it into a pruchment shell oi 
Lube ol paichmcnt papei (Appendix B), bent in the 
form of a u, and siippoited in a beaker oi w'atei Ij) 
means ol a glass rod passing ihiotigh the upper pait ol the 
limbs of lhe"U(Fig ti), lea\'e it lor Iw'cnty-loui houts II 
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slaicii Is a clilf iisil)f(. siil)slan(( il uill p.iss ihiom 
paic hniLiil papt I iiilo tlu' walii iii llu lx d ( i 
lIk' lodiiK Usl thcit sljuli Is not diUiisil>U 

18 Add a lilllt' sl.iK h — .is nun li as will on 
(. lul ol a kiiili i)lad( — in alaiiii .1 (lall-piiil ol w il« 
f){‘akc!, sill will, . 111(1 (jnil .Kill h\ nii .iiis ol a ‘^la 
Lw 0 01 llmi diop^ ol a minii.d .11 id, < ludioi 
aiad, bod, and al liouiU 01 ioiimiikiiI ini(i\ iK h 
liquid loi Stan li thus — 1 )n nuans ol a j^lass lod, disi 
cli ops ol I ht' Iir|Uid on a poi l < l.nn saint 1 , dip aiiol lit i 
i>lass i otl iiuo llu lodiiu solulioii, and ini\ (hops 
latk ‘1 Willi lh()s(‘ on iIk s.ilh 1 1 < )bs( 1 \ t dial llu 

Kai lion I)tM onu‘s lainh'i <is Iniu ^ot s on, .md linaih 
doiltti wilii small cpiaiililus ol inniii.d .lud, si 1 
dci onipos(‘d Kii'p llu soliihon in 1 th.ni l)t)lll( (I 
in I' \p 2 ^) IL IS im|U)ilan 1 lo lind onl lo wh il sub 
01 subslaiU(.s 1 hc‘ sliinli has i;iun 1 isi \\ t nia\ 
hint wilh I i‘sp( I i lo Mils in tlu' toiiisi ol llu loll 
c \[ic‘i inu'ii I s w hi< h w ( p< 1 loi 111 in 01 dt 1 h> lind onl li 
IS i^tnii'i alls pi (‘St 111 111 St ( (Is, and 1 1 II is w idt K disli 
in ol lu I p.ii I s ol plants 

19 Apply tlu lodint it'si lo iIk i ul ,iiid inoi 
siiilatts 01 to thni sluts til llu lt>IIt>wmi; st t tis 
mil, dati‘, mai/t‘, Iniinp, .dniond, hoi st -t ht si mil , 

I ap(‘, (Msloi -oil plan I , .iiid ol lu 1 s w liu li t an lu spai t . 
llu‘ st t d-i ollt ( lion Di^sttl oul llu tiiibiNosol pu 
minali‘(J b.n It v 01 wlit.il i^i.iins, pnl llu in loi d>oi 
an hoLii into a soliilion tonsisliiiL; ol (tjud p,i 
saUiialod t Idoial livdialo anti polassmin-u uluk 
(Apptmdix \) Nutt ill, il llu t nibi \ os ^ i\ t aluaiilil 
stai t h-i LM( I ion 

20 CliI llim sluts ol umipt' and iijit applt s 01 
and ( omp.nt' tlunn as lo slau li t unit nl 1 1 si ihiii 
of tlic shuns and loots ol \.iiioiis llow(iiin» pkii 

^'*'^1 out wilt lilt I si. nth is pitstni m 
h.tus, ol (It)\u, Iimt, Ills, Amt I Kan u.ih 

(rJock'a t anadt-nsis), snowdiof), nis, .md ollitu pi.nik 
I ns innju)st‘, prot'ttd ,is lollows ihiou llu l(.i\<s, 
Mnnild bt linn, inlo bodmu wait i loi .1 minnlt o 
I Ik m oul .md pnl llu in into a w uh -nu 
bf)ttl(' (onl.imiiio mtlliNlalt'd spun, sloppt 1 
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Uic bottle, and expose it to siinli^ht after a dj\ oi 
two, iem()\'e the colutiiless and biittlc leaves cat e! Lilly 
lioiTi the alcohol, wash them in watei, and pour o\ ci them 
eliloial li}diatc, iodine solution as used in the pte\ious c\- 
peiiment Recoid winch lca\ es contain stairh, and which 
do not Test similail} pieces o( lern tionds, moss Ica\es, 
the gi(‘en thieadsol an) alga? winch ma} be found growjnj^ 
in ditches, and pieces of mushioom oi ol toadstools 

When upe and uinipe fiuits, apple, etc, weie tested 
loi staich, It wMs noticed that the unripe liuit contained 
much staich and the ripe liuit lar less or e\ en none On 
llie othci Jiand, the iipe hint is sv\ect, and the iiniipe fiuit 
IS not It tlii’ieloic appears Iikeh that the sweetness of 
the 1 ipe liLut IS due to the coiu'^eision ol staich into siig'nr 
this is iendeu“cl the moie piobable in that both starch and 
SLigai < onsist ul the same thice elements, y\z Cat bon (C), 
0 \^’gen (O), and H)'diogcn (H), and !ia\’e this luithei in 
common, that the piopoition ol h\diogen to oxygen in 
then lespectne molecules is as 2 i (just as it is in water, 
the ciienncal loimula ol winch is HoOj Bodies having tins 
c'onsUlLil ion aie classed in the cliemical giuup of the carbo- 
hyduUcs The diRet cnees and sinnlanrics ol the constitu- 
tion ol the molecules ol staich and of a sugai ma) be seen if 
\vc wiitc dowm tlien icspcctive loimulce 

Slaicli, Sugar (giape sugai), QHjjOi, 

The A. outside the biacKct in the starch formula means 
lliat a staich molecule lias not 6 caibon, 10 h)drogcn, 
and 5 o\ygen atoms, but some multiple of these numbeis, 
a ^ \ may equal 100 or more (its exact \alue is not 

ceitain}, and <issLirning that it is 100, the composition ot 
the staich molecule is If we neglect this 

lomplication ol the bigness of the staich molecule, and 
wn itc It Col- 1 ,, ,0.,, then it is evident that it only dilfeis 
liom the grape sugar (glucose) molecule by H^O , m other 
woids, li w'e could add a molecule ol watei to one ol giape 
sugai we could rep le sent the convi rsion ol starch into 
giape sugar thus C„ H,oOr, + HoO = When 

WTitci IS induced to combine with such a body as starch, 
the change imdeigone by that body is described as 
one of hydiolysis These considerations with respect to 

K p 
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tliL cliLmjcal cunstitLilionb ot starch and sugai s 
tlicic IS i\o inhcMLiU impi obabiliLy in ihc view ill* 
when It dis*ippLais liom the ripening fiuil, m* 
because it has been coiu'eited into sugai 

Inasmueli ab stitj-ais aie widel) distiibLitcd ii 
and cnidf'iiU) play a pail in plant- as well as n 
nutrition, we must considei then piopeities 
mine that tliey are soluble, using giape sugai 
and cane sugai (suciose) tot the evpenmen 
also require a ready test loi the idcnuncal ion 
important class ot substances The test we e 
based on the tact that some sugai s liaA'c the^ 
takino o\3gen tiom ceitam substances, and hence 
ing these substances to a less oxidised rondili 
example, such tedticing sugars, under suitalile lc 
take ox\gen trom cupiic oxide (CiiO), lediici 
cupiOLis oxide (CujO), thus 

4CiiO = 2CliP + Oj, 


and inasmuch as ciipious oxide is an insoluble, ) 
substance, we ate able to s(‘e il it is pioduied win 
tion of sugar is added to one containing cupt 
Thus, we have a basis loi a test loi leducmg sugai 
test we apply as lollows 

21 Poui the liquid to be tested into a test 
beakpi add an exc esi. ol potash and then a 
two ol a solution ol cnppei sulphate ITic piec 
copper Ii)dtoxide Cu(OH),, which is loimed 
interaction ot copper sulphate and potash is dis- 
the excels ot potash Boil il a i educing sugai i‘- 
a yellow-ied precipitate ot cupious oxide is r 
DissnKe grape sugar (winch is leadilv oblamablt 
merce) in whaler and apply the above U'sl Repe 
cane sugai obsci \'e llnit giapc sugai is a ledu 
cane sugar a non-i educing sugai 

22 Pom another poitiun of the solution of cri 
into a beaker and add a drop of bydrochlot ic a 
or some time, and apply the potash and copper 
ei5 obseive that a well-maikcd piccipiiatc is 

« It cxpciimcnt that cam 

when boiled with a tiac:e ot mmeial acid, yields a 
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sLigai 'I he process wheieb}' a non-i educing con 

v'citcd into a i educing sugar is called jn\eibion li 
the case ol canc sugai, the chemical change mav b( 
evpiessed thus 

CjoHojOnd- HjjO = aCgH 12^0 

The change is one ol h^drolssis, that is, one ii 
which vvatei is caused to combine with the oiigina 
bod}', in this case canc sugai Instead of using potasl 
and copper sulphate sepaiately in testing loi reducing 
sugai s, a icady-macle solution called Fehling’s solution 
which pioduces the same lesult ( \ppendi\ A), may be 
cmployecr 

23 "lest b}' means ol potash and copper sulphate oi 
Fehling’s solution the lollowing plant tissues oi c-\tiact«i 
tlieichom iipc and unupe apple, beet, carrot, onion 

24 Ciush until water in a moi tar grams ol barle\ 
which have been soaked m watei loi one or tw'O houis 
(liter the CKtiact, label it Extract A Now crush giains o 
iDarlcy which, geiminated in a geiminator, aie showing 
leaves an inch oi Lw'o long, prepare a watery extiact 
label It Extiact B Test sample^, of A and B toi sugni 
II neither gives a distinct reaction, concentrate A and I 
each to a small bulk by heating them in potcelain dislic^ 
ovci a bunsen llame oi v\atei bath and then lepeat the sugai 
test It wnll be found that the extract of the soaked 
Lingerminated grains contains no sugai (or at most a liace) 
wdiereas the extiact of the geiminated grains contains J 
considetable amount Piove that the sugar is containcc 
in the endosperm It looks certain Irom these icsults, aiK 
also horn those obtained b) testing tipe and unripe Iruit' 
(apple, etc ), that the starch contained in the ungcrminatec 
barley and in the uniipc fruit becomes conveited duiin^ 
geimination and during ripening into sugar We have . 
means at hand of riemonsti almg that starch does gi\e ris< 
very leadily to sugar 

25 Take the liquid obtained by boiling staich wntl 
w'ater and a mineraf acid (Exp i8) Test a sample in . 
test tube for sugar If no marked reaction is obtained 
concentrate the remaindei of the liquid to a small bulk ani 
repeat the sugar test Learning thus that boiling with c 
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tiace ol miiitial acid bulliccs to indiohsc stan li to siio^i 
uc bfiall !><:; tlie moie lead’y to belic\c tliat the siiyai wLilI 
app<-ai'«,in iipening tiuitoi geiminating bai 1 (‘n ib pioduLC< 
b\ the h}drol\S!S ol sLaich Picscntly \\< bhall na\'(.‘ t< 
detetmmo what agent in the tiSbLies ot the plant ib KsjDon 
siIdIc, like the mintial acid ol E\p iS, loi this con\ c i bion o 
btaich to sugar, and ut what signilkanrc to the seedling 
lb this conxeibion W hen we do this we sluill iccjuiic L< 
know the various piopeities winch rlisLingiiisli siigais lion 
htarcli One such propet Iv, that ol solubility in walei , j 
w'ell known 

26 Anothei, that ol diHusibility thiough a paichmoo 
menibi ane, is no less impoitant, and must be dcifionsti atec 
b) the use ol the dialybei (Exp 17) Some houis altci tlu 
s,ugai solution has been placed m the paichment lube, tin 
licjuid Loiitamed in the xessel m whicli the tube hangs 1^ 
tested iur sugai eithei diicctly 01 alt<‘i ( onccnli ation tc 
a small bulk The lesulL ol the expc'iiment pio\cs that . 
solution ol SLigai scpaiated iiom w'atci bv a paichmcn 
nicmbiane passes acioss the membi ane into the watei 1 iii^ 
passage is called osmosis, and subslanees possessing the 
piopcily aie called osmotic substances (see Chaplei \ii ) 
Let us now' refer to oui list ol seeds tested loi shiu i 
(Exp 19), and note those horn which staieh was lound h 
be <il)senl They sIioLild iik lude tlic lollow'ing — lapt 
(asLoi-oil, almond, date, Bia/il nut But lluse s(m ds al 
ha\e LitliLi eiidospeim or Oeshy cotyleduns, and it is then* 
lore moie likely that they contain some loim ol lescMt 
lood-matei lal oihct than staich, than lliat lh<‘\ (TiiUain ni 
leseive food-matei lal at all A sciuLiny ol the list sliow •> 
us that ceitain o( these seeds contain lat 01 oil, inched, 
as w'e know', tliey owe their use in commehc to ihis ftu t 
W'c wall select one Icind of seed horn the <ibo\e list loi 
examination, 0 g the castoi-oil seed (Riciiuis conimuiiib) 

27 Pound a st'cd in a moitai with a lew' clioj)s ol ethei 

01 benzol (Appendix A) (this must not be clone neai a llamc, 
lor ether and benzol aie highly mfiammabk , it 
safest to do it out of doois) Pour (lie ethci 01 l)enzc)l 

extract on a shtet of papd Note that, as the liquid 

e\'apoiales, it lea\cs behind a giense spot To I lie g-iease 
spot 01 to the temains of the ciushed seeds, add a dtop 01 



THE FOOD-M^TERI \LS OF SEEDS 


37 

ol osinjc ncicl ( \ppcncii\ \) NoLc that the osmic 
acid [^LoduLeb a black oi biuun ( oloui ation Repeat the 

Lest on a diop ol salad oi linseed oil in a u'hite saucLi 

28 ’* U) ni( ans ol a diy lazoi oi kniie cut ihin 

sections ol the cndospeim oi the casloj-oil seed, mount 
tlicnn on a slide, cvamine them microscopically -md lun in 
osmic acid note the brown-black mass(^s ol oil 

29 Now c\amin( , b\ means ol the nho\e tests, the 

leniains ol the endospei ni ol sei^dlinys ol the castui-oil 
pkint in dilleieiu stages ol g'eimination note that, as 
^(.nminatiun piocecds, the oil disappears liom the endo- 
spei m Eiom aiitilou^ wntli the occunence ol staich in 
other seeds and with its bcha\nour duting" geimination, we 
conclude that oil and Lit aic the lorms in w'hich some seeds 
stoic their lesencs ol food Like the cai boll} drates, lats 
and oils contain the thiec elements, caibon, o\)gen, and 
h\diog(‘n , but wdieieas in tlie cat boh^'drate molecule theic 
aic twice as many atoms ol hydiogen as Iheic aie titoms ol 
o\3'ocn, in lats the number ol liydiogon atoms per mole- 
( ule IS more than twuce the lUimbet ol o\)gen atoms 
I'oi a lullei description ol the chemical and physical pro- 
pel ties ol lats, and also ol sLigars, the student should 
I'onsLiIt a text-book ol Oigamc Chemistrv (Bibliography, 

lO, II) " 

Among tlie seeds which weie geiminated in the 
I'OLiise ol expel iment (Exi") 19), and t<‘sted loi staich 
(l^^vp 2b), was the dale — the seed ol the palm, Phcenix 
dactylileia The seed iLsell is lemarkabie It geiminates 
vei y slo\^lv, the endospeim is flinty haicl, and the eml)iso, 
placed about the middle ol the length of the si^ed on the 
side opposite the gioo\e, is extiemely small, and shows, 
m the Lingei minated condition, no distinction into the 
usual paits (lei mination-stagcs ol the date seed should 
be obtained, and put up m museum jais Wv aie not now, 
bow'ever, eonceined wuth the morphological peculiai ities 
ol the seed, but w'llh the natiiie ot the rcser\e mateiials 
eonlamcd m its endospeim 

30 ' II ‘I thin section of the endosperm ol a soaked date 
seed IS examined in a diop ot winter under the miciosropc, 
it w'lli be loimd that the w’alls wdiich chamber up the tissue 
into a number ol compai tments aic c\ti aordinai ily thick 
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n now cl similai section is made tliroiigli the solt c 
spcirn ol a date seed which lias been gcuninating foi 
months it will obsei \ ed that the walls, so tliiek 11 
ungci niinated seed, ]ia\c i^cromc thin It might be 
posf-d that this was meiels a s\ mptom ol deca\ , hut 
equally open to us to inlei that the disappeai ance o 
substance o( the walls is evidence that this substance 
sists ol leserve lood-matei lal which ser\cs to nouns! 
sc(‘dling This substance does not gi\e the iodine ica 
lorsLdich, but li a thin section ol cnciospeim is hist ti( 
with ^tiong; sulphuiic ai id and then with iodine soli 
(Appendix ^A), a blue culoui , like that given b\*siaiL 
piodiiced dins substance ol the walks, insoluble in \ 
and gnmg a blue (oloui w'lth sulphune acid and lodn 
called I esei \'c-cellLilose It mav be lound not only ii 
seeds ol palms, but m others such as lupine and Oin 
galurn, seeds ol which plants, both ungeimmatcd 
geImlnat^d, should be examined 

31 II the sulphuric acid and iodine test is applie 
sections through the soltpaitsoi plants lice linmslaic 
even to small pieces of plant tissues, c giape or ap| 
blue roloiH , like that shown by tlu dale enclospeiii 
produced, and il sections arc treated in this way 
examined micioscupiCttlh', il is lound that the v 
winch ehambei up the tissue into compaitmcnLs consi 
cellulose substances Though the cellulose ol the 
wmlls of plant tissues gi\es the same sulphune and 
iodine leaction as the resci v e-cclltilosc ol date and ki 
s(‘cds, It IS not identical with tins lattei substance 
('hid difleicnce between oidinary cellulose and ics( 
ccllLilose consists in this, that the loimei undci 
chemical change less icadilv than tlie lattei Indeed 
junction of the cellulose substances ol the walls ol nn 
tissues IS not to scive as teseivc food-matcual , but t( 
as a scaltolding^ to the compaitmcnts of these tissues 
Having made the discov'eis that the seeds ol plants 
lain stores ol carbohydrate or latty mateiiaJ wOnch sen 
some WM} Ol other lor the nutrition of the si'cdlings 
might conclude that otii task- of inv cstigating the fund 
ol endospeim and cot\'icdons was at an end But il 
remembiT to apply the pimciplc which wc have laid d( 
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aiul assumed to Idc Line, that the modes ol nutiilion ol 
plants and animals aie tundcimentalh alike, \\l sliall be 
struek bv the lact that, so lai, we Iia\c dis( 0 \(‘ied in the 
seed no tesei\c lo(jd-substaiK c ol a kind similai to that 
which Is so cliai actci istic of tlie eggs ot animals Fmii 
example, the htm’s egg contains substances which ha\e the 
property ol setting to a solid mass (coagulating) when they 
are hcLited W'e know' (tom evpciience that these sub- 
stance's ait highly nu Li iLious, and binre the} disappeai 
liom the volk during the hatching ot the eggs, wc may be 
laiily ccitain that they contiibute to the loimation of the 
cle\ eloping chick \Vc must thereloie hist considei the 
natuie cjI these coagulating substances, and then detci mine 
whethei similar bodies occui in the seeds ot plants 

32 W'e ptepare a solution ol w-hite of egg bv crack- 
ing the shell ol a iiesh egg and letting the wdnte (all 
into a dish, beating it wnth li\'e to tt'n time's its colurne 
ot W'atei, and filteimg Heat one pait ot the solution in 
a test-tube' note that a white coagultim is formed A 
similar piccipitatc is produced the addition ol alcohol 
to the wdiite ol egg solution By the tisc* ot the dial}sci 
(Exp 17 ) w^e demonstiate that the solution made Irom 
white oi egg docs not pass acioss the membiane, i 0 
thc:)ugh soluble, it is not diHiisible Apply the lollowing 
tests to samples ol the while ot egg solution in test 
tubes 

33 " Xiinthop) oteic rcnciion add a lew' diops ol 
sLiong nitric acid a white pi ccipitate is pioduced, which 
becomes yellow on heating add ammonia cauLiuusl} the 
coloLit ol the precipitate elianges to oiange (Appcndi\ A) 
Binvct icachon add a itiitc ol copper sulphate solution, 
then caustic soda 01 potasli a \ lolet colouration js pro- 
duced B_v the substitution ol ammonia for the soda or 
potash, a i eddish \iolet coloui is obtained (Appendix A). 

lent tin}} add Millon’s leagruU (Appendix A); 
a white piecipitate is loimcd, wdneh becomes bnck-icd on 
boiling 

Iodine reaction add iodine, a yellow brown colouiation 
IS pioduced the tint being considc^rabh deepci than wlien 
a similar amount ol iodine solution is added to puic water 

The group of chemical substances wdiicli have Llie above 
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prnpeities and give these leactions is called tlie pi oleins 
and the lIiicI piotcin contained in ^\hlLe ol egg is calkc 
albumin (\ppfndi\ \) ft, as we ha\e ahead) icasoi 
to belie\e, the piuUins (contained in eggs sei ve as iesei\t 
lood-matenal u^e shall e\pect Lo hnd them also in tin 
bodies ol animals 

34 * 1 hat they do occur in the adult bod)' we pio\e by 
mincing tiesh meat and pounding the liagnicnts inanioiiai 
with watei The evtiact is then hlteied and the (llliaK 
tested as in E\p W'e deteimine also that pi oleins 

occui in milh b) diluting fiesh milL with WMtei tincl adding 
dilute acc'lic acid Filtei and lest the piecipitatc loi pio- 
teins The curdling ol milk is c\ idently connected with the 
piesence o( pioteins 

The results ot cliemiea! anLil)sis ol the pi oleins show 
that beside carbon^ owgen, and hydiogen, they contain 
nittogen and sulphm, and tliat some also contain phos- 
phoi us 

35 ^ Demonstiate that pioteins contain cat bon, niiio- 
gen, and sulphui thus heat chopped, coagulated white 
of egg in a poicelain dish note that it becomes diy and 
s^ubsecjLieiitlv chais — an indication that it contains caibon 
Chop Finely some pieces ol the white ol a haid-boikcl 
city in a desiccatoi (oi bettci, use diy, powdciecl 
albumin instead, see Appendix A) gund m a inoiLar 
until soda-hme (/Vppendix A), lianslei lo a shoiL tube ol 
bald glass closed at one end Heal in a bunsen flame, il 
necessai v using the blow-pipe Note the smell ol ammonia 
hold a pK^ce of red litmus papei o\ei the open end ol the 
tube, observ^e that it becomes blue Since ammonia 
(NHj) 13 produced, albumin must contain nitiogen A 
piece ot lead acetate papei blackens when held in the 
t Limes escaping horn the heated lube, the blackening 
being due to the Inrmation o! lead sulphide (Appendix 
A), hence proteins contain sulpbui We rcr ollecL that 
a silver spoon left long in an egg becomes black (owiiio to 
the formation ot sulphide ot silver), and wc iccall the 
smell ol sulphuretted h\'diogen — of a bad egg 

To study iLirther the properlics ol the pioteins is beyond 
the scope of oui picsent \vork (Bibliography, lo, ii) 
We can only say that they mav be classilied accoiding lo 
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lliLii propet Lies, pniticulaily according as tliey are solubF 
in wati'i (albumins), insoluble in watei ljut soltible in cliiuLe 
solutions ol sLieli salts as sodium ehluiide, mag^ncsiui'n 
sul[)batc, etc (globulins), soluble onh in stioiig salt- 
solutions, insoluble m any ol these leagcnts (e g* coagu- 
lated albumin) One substance with esscntiaih protein-like 
pioperiies, but walh maikcd peculiarities, must be men- 
tumed, and its reactions noted 

36 ^ Take a small quanlitN of peptone (which is ol)tain- 
ablc 111 commeice, Appendix A), add water Note that 
itcliss(d\(‘s Heat note that it does notcoagulate Apph 
the xanthopi oteic lUkI Millon’s tests fot pioleins Test a 
solution ol peptone and anothei ot albumin by means ol 
the biLiict test Cumpaie the violet reaction ot the albumin 
wuth the lose-pink reaction ol the peptone solution 

37 ^ Dcmionstiate b} means of tlie dial)sei ol paichment 
tube that pc^ptonc, unlike pioteins, is capable ol osmosis 
In peiloimmg this experiment, which will last scweral da\s, 
owing to the lad that the late oi osmosis of peptone is 
slow%''a hiiLC ol an antiseptic such as ih} rnol oi eucalyptus 
oil (Appendix A) should be added to a sliong solution 
ol pc^ptonc ^t daily mtcryals, watbcliaw some ot the liquid 
horn the oulei \ essel and test a sample ol it toi peptone 
bv means ol the hmiel test It, owing to the diluteness ot 
the solution, no leaction is obtained, concentiate to a small 
bulk and i(‘peat the lest 

We leain horn our stiid\ of the pioteins lhaj: they aie 
('omplex bodies containing the elements Cai bon (C), Oxygen 
(O), H>cliogen (H), Nitiogen (N), Sulphur (S)— some also 
contain Phosphoius (P) — that they have remaikablc pio- 
peiiies (ol coagulation, etc), that they may occur m the 
eggs and also in the nitiluie bodies g the flesh) ol animals 
(Exp 't-O, and that theie is good reason to bclicwe that 
they seivc tor the nutrition oi animals \^"e Iia\e in the 
next place to cnquiie whether the seed and the matuie plant 
also contain pioteins 

38 ' Cut thin sections of the tip of a root or stem of 
any ymung pliinl oi ot the young stamens of a lily oi othc-'t 
floyyer Mount in v\atct on a slide in the usual way 
[^"samine by means of the micioscope Run m indmc, and 
note that the contents ot the compai trnents into wduch these 
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tiissucs aic chambeiecl giv'c the 3 ellow-biow n icacuon t( 
protcMHs 

39 ’ Repeal Exp 35, using, iiislead ol while ol (gg ( 
div albiiinin, chopped aad cliicd grass, 01 pea 01 ber 
meal Note that Hiese xegetablc tissues \ leld ( \idcncc th 
they contain nitiogcn and sulphui '1 hus fiom the icsul 
ol the last two cxpei iments we inici tliat piuteins a 
pieseiU in plants Confirm this as lollows — 

40 ^ Extract pea or bean meal ot soaked and puLind< 
w'heat g I ains ( I ) w'lth walei , (2) with a dilute (5 Vo) soIliIk 
ol magnesium sulpliatt* filtcn , and demonsliatc b) meai 
ol the piotein tests applied to the filtcied extnrts th 
pioteins aie contained in the seeds ol bean ot pea ai 
wdieat 

41 " Put a little fioLii in a fine muslin cloth lolded 
lorm a bag Hold the muslin bag undei a tap, and alio 
wMter to run on the floui, which should be kneaded 1 
squeezed between the fingeis Obset^c that the staich 
washed aw'a\, leaving a sticky mass of gluten Dgmo 
stiate that tins lesiduc contains pioteins (Exp 33) 

Hcncc w'c ( onclude that the 1 csei \ e-matei lals containi 
in the seeds ol plants aie ol like natuic to those conlaim 
in the eggs ol animals, and consist not only ol caib 
hvdiates (or latLv substanct‘s), but also ol pioteins 

42 ^ In Older to deteimine the condition of, and tl 
place in the seed occupied by, the piotein iesei\e mateiial 
w'e cut, pieler.ibly h) means ol a dry lazoi, seclioi 
through small pieces ol the cotyledons ol a bean 01 p< 
seed mount on a slide in a diop ol iodine soliitio 
Obscivc that, lying among the staich giains (stained bli 
by the leagcnt), there aie many much smallei giaii 
wdnch shewv the yellow-browm coloui -1 eaction chaiaclcnsl 
(j1 pioteins Similatly, (ut sections ol the di) cndospci 
ol wdicat or maize 01 othei glass giams IMouiU tl 
sections in iodine solution, and nuTe that the piote 

grains 01, as they are sometimes called, alouione gian 
aic confined to the layer just beneath the seed co: 
"\pply the biniet test to othei unstained sections 1 

adding the cnppei sulphate and potash to the scctioi 

placed on a glass slide Htxal, and, when cool, diain aw 
the lluid, ticld n dtop of w^atei , put on a co\cm glass ai 
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Diamine under the micioscopc Ircat othei liesh sections 
uitli Millon’s leagciit and examine with a lens note tlie 
led coloLii ol the aletiione giain la}er 

It IS, ho\vc\ei, in oil} seeds that the piotein giams 
I each then highest de\eloiiment In oidci to pie- 
\ent the solution ol the w ate i -solul->lc parts ot the 
aleuionc grams, w'c adopt the piecatition ot moistening' 
uith oil the ij^'oi used loi rutting sections of tli(‘ 
endospeiin ol slk h seeds, c castoi-oil and Biazil 
nut SfLtions obtained horn these seeds, mounted m oil 
(e g olue oil) and examined microscopieally, show numer- 
ous, Inige, o\mI, transparent aletirone grains, each with a 
daikci gianulc (the globoid) at one end If such sections 
aic compaicd with othei s cut ni watei, it will be seen tliat, 
in the latter, a part of the contents ol the aleurone grains has 
dissoK'ed, leaving behind a eiystal-liKe body — the cnstal- 
loid — which occupies the larger patt ot the grain Appl} 
to set Lions ctiL u ith a dt y I azor the \ at lous tests lor proteins 
The globoid, to which lelerencc has been made, has been 
proved to roiUain various mineial siibslanees, c g com- 
pounds ol calcium, magnesium, and phosphorus, and it has 
also been shown that these substances disappear trom the 
aloLiiune grains dtiimg geimmation, passing, as there Is 
leason to believe, to the embryo Hence to our list of 
icseive Inod-materials, rai hohydrate, lat, and piotcin must 
be added mineinl siibstanrcs , tlioiigh, in most cases, 
seeds contain leseives oi mineial suljstances in quantities 
mstilTiciciU foi the requii ements of the seedlmg 
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Tjic clinnuieb iindeiguiic: L)> Uic iLher\c foud miiciuK of I he seed dimi 
geiiniiuilion the mode ol pissage <»1 food iihiLeuals fioin iIil pi u o 
sioiage (oiidospLiin oi coi^ledoiib) to tlie place of consuinpLioii (il 
g] owing embi) o) 

learned in ChapLci in that o\cmi a \c‘iy small ste 
LoiUains a eeiLain amount ol those substanees, sLaieh ( 
oil, eto , which constitute leseivc lood-matci lals, and llu 
the laioei seeds possess iich stoics botli ol caiboh^diate 
or iatty and of protein (niLi ugenous) lood-substance 
accumulated cither in the endospeim oi in the llcsh 
cotyledons W'e Icained luilhet (E\p 13) that, m th 
couisc ol g-crmintition, as the embi\o develops to th 
seedling, the food-matei lals disappcai fiom the endosptni 
ni cotyledons W'e inleiied, theieloie, that they aie tian** 
poi ted thence to the giownng paiLs ol the seedling 

This inteiencc lecenes suppoi L liom the cxpeiimeiil 
which we now pciloim, of g-eiminatmg laige and sma 
seeds, e ;>■ bioad beans and poppies 01 ‘ Cahloinia 
poppies” (Eschscholtzia caliiomica) m darknt'ss 

43 vSow the seeds m small pots conLaming oidinai 
soil, and place the pots in a light-proof bo\ (Ing- 12 
or ciipboaid The pots must be taken out ol the dailv l)o 
horn lime to time, Jii oidei that the seedling's may b 
obsened and measuied, but they should be leplaeed ini 
mediately after inspection As the (‘\perimcnt pi oceeds, w 
obsei\e that, though the seeds germinate quite w'ell, th 
seedlings piodured m dai kness ai c cui lotis, pale plants, an 
that, wheicas the bean plants h\c foi thiee, lour, 01 mor 
weeks, the poppy 01 Eschscholtzia seedlings li\c onb foi 
limited niimbc! ol days In otiici w'oids, as we shoul 
guess liorn then appeal ance, both beans tind poppies di 
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nltunately ul stnnaLion, 
<^nlv alLci a taiih lun^ 

< dctci nunc obbui \ a 
oiiginalE LoiUaincd in 
coL\ Ifdoas, 


tHc Littt'i \ ( I soon, Lho loitnc! 
inieMal oi Lime — not indeed, as 
LJon, till the icseixe food-mate i laU 
them ha\e dibappeaied I tom the 



Pig 12— Dark Box (See Appendi\, p 234) 

L, lid , k, oluitLer, f, an iLing tube 


We cannot fail to atlribute the longer life of the dark- 
pown bean secdlmgs to the large stores, and th(‘ shoitri 
lilc ol the daik-giown poppy or Esclischoltzia seedlings 
to the slender stoies ol lood-matei lals vxhich the seeds 
contain 

But if we lecnll the conditions m whirli the reserve 
food-materials exist in the seed, and the propeities ol these 
substances, vve find nui selves conlionted with a dilTiciiltv, 
nameb, that of tindei standing how these food substances 
pass from the one place to the othei— horn the tissues of 
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the endoijjDLMJii oi cotyledons, to the giouiny toot ai 
sliuot ()I the seedling W ( know thdt the sLcIm h cui 
sists ot solid graiiib which lie in eompai itnciUs liounch 
by cellulose walls, we know that sLaieh and oil 
insoluble in wMtei, and that much ol the piotein of tl 
aleuione giains is also insoluble (E\p 42) wSiiill tl 
icserves arc insoluble, it would appeal to follow that ih< 
aie irte\ocablv imprisoned in tlic tissues of the endosj^ci 
or Lotyledons \et we hii\c just ol^tained cvidenee (Lex 
43) that the reser\ e-materials aie libeiated horn the tissii 
and disti ibutcd to the embi \ o II, how e\ ei , we state the 
apparently contradietoi v facts in a somew'hat modifn 
toim, u^e shall see tliat thev aie not 11 1 ec oneil.ibJe Tl 
reseive focxj-materials ol the listing seed consist ol scjl 
gianuics (staieh and piotein) 01 ol diopkts ol oil whn 
substanees aie — exeepL some ol the jDioteins — inscjlub 
in water, and theiefoie incapable ol ti.i\cising tl 

cellulose wmIIs of the compartments in w'hicli they h 
In till actne, geiminatmg seed, lood-malei lals icm 
the embryo and, at the same lime, llte usei\es 
endospeim or eot3[edons deeiease and tend to cli 
appear Theieloie, Llie aelne seed must lia\c‘ a men 
of so changing the* lesene lood-malei lals that they aie 
longer compelled to lemain impiisoned m the tissues 
W'liich tliev were laid dowm, but aie lice to tia\el then 
to the embryo It is evident that, loi substance s 
pass horn the tissues nf the endospc'im to those ol t 
embiyo, they must be soluble in walei .ind cxipaldc^ 
osmosis If we accept this i econeiliation o! 0111 laci 
w'e pioceed to ask, into what soliil^ie and cliflusil 
substances ma) the resei ves of the seed be eliangecf P 
instance, into what soluble, diffusible substance nxiv stai 
be tl ansfc')! merP The answet is suggested alrcsidv by 1 
results of E\ps i<S and 25, wdneh show^ that staicb, boil 
with tiaces of mineia! acids, becomes converted ji 
sugar But il this hydiolysis o! starch to sug.ir ac tun 
occurs in the endospeim, it ceitainlv is not clue to t 
agents, heat and traces of mineinl acids, emplovod in c 
experiment Granting, theiefoie, that oui lensoning 1 
been sound, w^e aie driven to conclude that thme must 
present in the geiminatmg seed some special agenU whic 
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like Uie mineral acid, is capable oi eltectiny tlie h}dic)l3Sis 
ol sttiKh to biigai , bill which, unlike the tiace ul mineral 
and, IS capable ol elteeting Lhib change with lapiditv at 
ordinal y Lemperatui es Thus wc aiii\c at a point in oui 
aigument at which w'e tormulate a dehnite h3pothesis, and 
j)ut that hypothesis to the test ol experiment We state 
oiu hypothesis thus the staich contained in the enduspcim 
ol lestmg seeds ib com ei ted duiing geimination, by some 
unknow n agent, into sugai To test oui h\pothesis we 
<ibk (i) does this ti anslui mation actually take place (2) 
il so, by wdiat agent is it eliectcd-^ 

44 lo obtain a positi\e answei to the hrst question we 
have only to lepeat Exp 24, viz pound up in a moi tai 
about 4 ol a pound of the grains ol spioiiting barley 01 
wTieat , add a little wMter, and continue the pounding 
hltei, and test a pot Lion ol th(‘ filtiatc toi sugar (see 
Exp 21) 

lo oI)tain an answ'ei to the second question, we take 
the lemamdei ol the lilti'ied exLiact just obtained, put 
iL m a huge b( akei 01 bottle, add giadually, sc\eial times 
its \olumc ol meth\laLed spiiit till a hea\y pieeipitate is 
pioducerl Allows the liquid to stand loi an hout 01 moie 
till the pieeipitate has settled Pom oil the bulk ol the 
liquid, taking cate not lo slu the pieeipitate Tiansfei 
what lemains ol the liquid, togethci w'lth the j3ie- 
cipitate, to a filtei As soon as the liquid has diained 
aw^a\ , take the hltci papei from the hltei lunnel, open it 
out, spKXid It on a plate, sciapc oli the pieeipitate by 
means ol a wooden spatula, and tiansler it to a small, 
wide-mouthed, stoppcied bottle Add about 20 cc ol 
distilled w'atei, shake thoioughh', and Rltcn, if necessaiy 
Put the solution thus obtained into a clean bottle, add a 
trine of an antiseptic, e g thymol 01 eucalyptus oil, and 
label It BcToie investigating the action oi this extract on 
staich, it will be necessaiv to test a sample ol it lor sugai 
Foi this purpose take out about i c c , dilute it with 
c; c c ol water, and npph the sugai -test 1 1 only a 
slight sLigai leaction is obtained, it may be disregaided, 
but, il the test pro\es that sugai is present in consideiable 
quantities, the icmamdcr ol the extract must be tieated 
again wuth an excess of alcohol (methylated spirit), the 



_lS rL\NT PH\SI01.0(iV 

liquid filU'ied, und iho piccipitaLr u'di.ssoI\cd in \\u 
ihc same \\a\ ns bcluic 

45 I’ut a \'ci_v IiUic, puic sLiich powdci in a 1)( 
add v\aLci boil Llioiuuglih diliiLc Lhc boikd lif|UKl 
iL IS almost deal , lake tliiee lest lubes labellcel i\, 

i o ‘V add some ol lhc slan h licjuiel onl) , to 1> staidi 
Lind Libout 2 Ol (. c ol llie c\liae'L piepLited m Ii!\p 
C add ualci and 2 oi e e ol the s*ime c\lia( t J 
th(' tubes in a uaim plai e at lIiiv lempiiLiluie bei 
20°-3o'^C At hoLiilv Ol e'oininienl mUnvLils, les 
liquids m \, l>, C, lot staiedi, usine; the method dest 
in L\p iS De lei mine that, w'lieicMS tin blue '• 
icaition ol 1 he liquid in i\ lemains, (he leai lion 
H ^ladiMlIy bciouKs iLiinien C, which si 1 \ i s llii a 
Linnei'cssan^ pui[)ose ol demonsli aline; lhal the alii 
e\liacL iLsell eonlLiins no sIlIIlIi, .c^ncs no slaidi le.n 
\\ hen B e;i\ es only a lam I slai e h 1 eai lion, I'oni imi 1 al 
he’Lilmg in pun.eiam dishes, ClK h ol Ihi* liquids in \, 
lo lI small bullc, and Icsl them loi sut^ai 1 he fai 1 ll 
^i\es a uclUmLiikeei sui^ar leailion ])iovides us wit 
|Dioo( that oil! I^ailey or wheal exli.ul eonlams llie 
slanet‘ lor wdiii'h a\ i‘ lII(‘ seeking, \ 1 / lIU aejenl w'hii 
model all limipt i aim cs siii h lIs those at wdiiili 
^cirninale, coinints slaiili inlo sui^ai d lie i xpeii 
pioves, moiei'ixei, that thisaqinl is<\liim<l\ poteiil 
till' amount eontained in the 2 01 ^ e e addi d to B 
but lillle 

46 \\ hilst llic piceedino expciiment is i^ome; on, 
paic an cxtiact horn iinsp) outad bat lev 01 vvlu.il whu I 
been sotiked just lonq enough lo become* soil As( ( 1 
by similai expciimenls lo those made* in tin pii** 
cxpeiiment, that the amount ol the* sLii cli-hydi ob 
agent piesc'iU m the ungei miii*ited giLiins is leU llu 
the spioulcd gi ams 

lhc staich-ln di (d} sing substance which vve ha\( 
liaelcd iiom geimmaling hni U‘v is knowm as diaslasi , 
may be oblLimed m commeiie hoi sul)sef(ueii( (\ 
menls, commcKial dnistase may be iis(‘(! 

It wall 1>(‘ iiitcicsting- lo obs(‘ive eliaslasi* al woik 01 
indi\ iciiial slai ch g I a ms ]"oi this, use ( fimmei i lal clki' 
(Appendix \) (01 oiii owm cMilIlI, I{\p qq) 
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47.' Pn'pnic sc( tions or n Inn qunntll^ of s( upii 
whociL TMuiospoi 171 Like Luo wjl( h \ jnd C 

Lw'o {)Lhei u la^sf b lu S(*i\e as <.o\(*is 'I ‘A 

sonic ol tlic SCI apings or s(‘ctions and a litllc di 
solution, to B, add wMtci only Cos ci tlie uatch-g 
to chcclc c\ apoi ation, and put Ihein in a mode 
uaim place (l(‘nipci atm e ) After ses^einl 1 

UiOLint the sections oi the isolated gums ol tin scrapi 



lUG. 13— SrAKCil GfMINS Ul CilRMINSriNG HSHLLS, 10 ILLLIt 
1 IlL \CMON Ul DlAbl \bL 

i, 3 , 3 , [ SiiLctssivL oT coiioiion of tin, grains Of 1 ig lu 

(\(lM SirasburgLi , It \tho>l oj Do ttt 


a di Op ol uatei , cNainine tliem m icroseopicalls , and ob 
lliaL tlu g tains uhich base been acted on b\ the dia 
begin to show signs of change the\ sutll, ladial hs 
appeal, cat h giain comes to ha\e a coriodcd appear 
and sLibsec|ucntly nothing lemains ul it but a pale oi 
or ghost (hig 13) ^pply iodine test to the gtai 
various stages ol dissolution (A\oid in tins expeii 
the use ol staich grains, such as those of the bean, v 
show ladial fissuics in tlioir natural condition ) 

We‘ have thus obtained the e\pe[imcntal proof o 
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liuLli Dl r>Li[ h}'p(Ulu SIS, and nM\ now, (IkkIok 
as a lai I lliat llu i ininal 11114 i4iains ol hail<\ 
contain an *1140111 uIikIi loiutils '-Ian Ii into sn 
iii>in{4 othoi sc(cls, 0 j;' Ik aiis, p( .is, tu , \\ < p 
cli*ist*is(', llic a^( Ml ol this I Ii.ini4( , <>‘‘iiis 1 
stai( li}' SOI ds \ \ isil lo .1 ni.iltsh 1 's uoiks u 
Us l(') s( c 111 tlu inallini4 ol l)ail(\, .is (.tiind 
piolimiiuiiy to bicwint^, .1 1.11141 -si ih illiisiialn 
tU Lion ol diasl*isc‘ In tin piop.n itioii ol ni.ill, 
spio.id out on I ho llooi ol <t looin wlm h is I < pt v 
<41*1111 IS nioisU IK cl I lioi 01114 lil\ , .dlov^id lo 
Wdion 14(1111111.111011 h.is pioiicdid lo ,i ((it.ini iv 
t( nipi 1 *ilLiu ol llu loom is laisid <41 idii.illv ti 
*Lt will! Ii llu l)ail(\ IS kilhd I ill ai lion ol llu 
IS tillowcd to conliniu iill mosi oj ilu sianli 
(onvcuUd inlo sLi14.11 , wiiiili slims, m tlu si 
opoiaLion ol 1)10^11114 (sic p yS), Im liu piod 
*dcoliol 

II*iMii<4 pio\od lhal, duiini4 llu l;( 1 niiiiat 1011 o 
si'ocls, nisoliihlc slan Ii is (oiuuhd mio soliihh 
IllSlblo SU^*ll, \V(‘ I OIU hull lll.ll !l is III llu hu 
tiuit (Ml holiydi alos 1111^1. it( lioni ( ndospi 1 m oi i 
lo llu* sovc‘i*il pills ol 1 ho 141 ou 11114 t niiu \ o 

Wh* now ])ioii(d lo l(.iin soiiutliniL; iiiok ol 
p(itii‘sol diasl.is( .ind d( 1( 1 miiu iiisl ih.ii i| is i 
li\diolvsiiH4, nol onh llu slanh ol suds, bn! 
u hu h o( i III s 111 matin ( plants 

48 I Ins wo do I )\ In .1111114 ^Mlh diaslasi , ni !l 

close I il)( d in h.\p , sii lions 01 sii.ipniys ol ih 
i4iownp^ potato lulu is \liii .1 i i ii.nn "1 mu , M 
i4i*nns show ooiiosion Ii<4in(s sinnlai to ilu»si ^ 
havo .iliL.ticly st i n in 141 1 mm ilim4 si i ds 

We nolo, inoiooMM, lluii di.isl*is< has no soIm 
on (ho ei'lhilosc o( tlu i ( II w.ills w hu h *ii o to lu si 
scclions I he sl.in h ni.nns t onl.iniod m j(a\M 
showm, 1 ) 3 ' mo*ms ol si'i Pons ol li .i \ ( s 1 1 r .it( d ^ nh 
lo cIis*Lppo*ii und(‘i tlu .Ktionol this *ii.>i‘nt 1 hiis 
thi* (OIU fusion Ih.il whoiU‘V(i llu plaih iiicds lo i 
ol stall'll. It hisl h\dioI\s('s it lo siupu |)\ i 

duista si‘ W 0 m.i V sa \ I li a t si a 1 1 h is llu 1 c s( i \ o , (1 

foim, and sii^ai llu ti.mslix alion {Imm !lm«4) hu’m 
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I)N the caibohvdiatc mrilLiial ot a numbei ot plants 

Bctoie such a cat boh} ch ate as staich — and the same 
applies to lesene-cellulose (Exp 30) — js used as lood- 
mateiial b} the plant it is com ei led into su^ar Hence 
wc lecognise that diastase must be as wide!} distiibuted in 
plant-tissues as starch iLsell 

Now \\c ha\e used moic than once what we know to 
oc't 111 in animals as a starting point lor our enquiries into 
Llie pi ot. esses which take place in plants W'c will 
heic 1 excise the pioceduie and ask has what we have 
leai ned concerning diastase and its action on starch any 
beaiing on animal phxsiolog}"^ We know that starch 
Cillers \erv laigch into the composition ot animal 
lood, and that the lood which wc sw'aliovv does not pass 
dneeth into tlic body, l)ut into a tube — the alimentary 
(anal — the paiLs ol w hicli aic (esophagus, stomach, and 
intestines ^^'c know luilhei, that the lood uncleig(j<‘s 
chg(‘stion, and Llial not till it has been digested does it 
pass thiough the wxall ol the alimcntai} canal into the 
l)loocI W'e suspect, thcicluic, that a knowledge of Uic 
action ol diastase on staich mav help us to an tindcm- 
standing ol the sig nihcance ot thcpioccssof digestion w hich 
lood-substtinces, such as staich, undergo in the ahmentar}' 
(tinal ol animals fubt ab insoluble staich cannot pass 
at loss the wmIIs ol the endosperm tissue, so it cannot pass 
tliiough the complex w-all ul the stomach 01 small intestine, 
and just as soluble, di(lusil:)Ie sugar passes acioss the cell- 
w'alls ol the plant, so iL mav pass acioss the w'alls ot the 
absoiptJxc part ol the alimentaiy canal and of the blood 
vessels, etc , and thus, i caching the bio d stream, be dis- 
liibutccl tliiuLighoLit the body ol thi.^ animal It will be 
mleiesLing, theieloic, to discox'ci* w'hethcr diastase, which 
IS piescnt so gen(‘rally in pkints, occurs also in animals 

4:9 W^c do this m the lollow'ing ways Picparc a soki. 
tion ol saliva By chew’ing a piec'e of indianihber or bx 
inhaling a little xapour ol glacial acetic and, a flow of salixa 
IS induced coller t the salixa in a small beaker 01 porcelain 
dish : add an equal xolume ol xvalci stii thoroughly, and 
filter Using the method dcsri ibcd in Exp 45 demonstrate 
the diaslatic action ol salixa, 2 c its power to hxdrol}se 
staich to SLigai A sample ol commeicial, sahxai3' dias- 



PL\NT PHYSIOLOGY 


5 ^ 

tciso, known as pLyaiin (Appendix A), slioiikl be obtai 
and Its ^Ltii Lh-li\ di(d\ sino- piopeiLie.s Lesled 

kood IS icLaincd in the moLiLli lot such a shoit lime 1 
mu( h ol the staicli} rnateiial whiidi it contains escapes 
action ol Lhc diasLasc (ptyalin) ol sali\a, but on teach 
the small intestine, the paiiiall} di^'-ested tood is acted 
b\ pancreatic puce, winch also contains a diastase* B\ 
action ol the pancieatic diastase, the coincision ol sta 
into sugar, which was beg-un in the mouth, is compk ted 

Tlie diastase contained in pancieatic juice is pie^ent i 
m tlie cxfciact ol the pane teas, known commctcially 
liquoi pancieatic! (Appendix \), and the bydiol^s 
elicit ol tins liquid on starch ina\ be demonstialcd by 
mi'thod ol Exp 45 

The abo\e cxpeiimcnts tlnow a cleai light on whai 
meant by digestion As lai as slatih is conrcined, dig 
tion means the conveision ol this substance, b\ me 
ol the special agent diastase, into soluble, dillusi 
sLigai They also pioviclc ^el anothei illusti ation ol 
lundamciital agiecment between tlie nuLiiti\c processes 
plants and animals Botli use staich as a lood-nnitei 
and both piepaie tins substance for distiibution tin 01 
the tissues jn piccisely the same w'ay B\ siniiLii mclin 
ol pioiccluie, to some ol whiih leleicnie will be m. 
subsequently, it nniy be showm that Lhc digestion ol ot 
substances, such as lats and proteins, means, in 1 
nninnei, the ron\eision ol the lat 01 piotein, eaih, 
means ol a special agent, into soluble and cliHusible si 
stanees Each ol these agents is a specialist , tli 
diastase acts on staich and starch only Wc w.tnt 
gcneial name to include these specialists in clicnn 
change They used to be calli'd unoi gLiniscd feimcn 
l)ut aie now knowm as cn::.ynics We ma} loi ni a loti 
and unfinished picLuic of the mode of action oi the c'nzyi 
diastase, on the staich molecule thus imagine it holdi 
out one hand to a molecule o( wMter and the othci to r 
pan ot the man\ groups wdiich make up the sLai 

molecule (see p ^,3) Swinging its two imaginaiy ham 
diastase biings the two molecules and the H 

molecule tog(*thct, unites them as C,d-L^O,, (mall siiga 
and, ha\ing done so, is liec to lay hold again ol a wa 
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niolcciile and anotlier pair oi tlic gioups, and to 

lical them m a similai ua) Tims \\(‘can pictmc diastase 
eltecling the pi('( ('meal disiiUeg i ation ol the slaich mole- 
LLilc b} h\Tliohsing its constituent gioups In this sense 
w’e nia^' desci il^e the at Lion ol diastase on staicli as clastic 
(bi('aking down) and h\Tjrol\tic (w'aLci -adding) It is by 
similar clastic and liydiolytic proces->eb that othci enzymes 
act 

"JV) ictuin to the studs of tlie propcities ol enz\mes as 
ilhistiated by diastase as w^e ha\e ahead}' lemaiked, a 
little ol the cnz}me goes a long w'ay jn producing its specific 
( hangc Noi, having i egai d to our descnption ol the mode 
ol action ol diastase, is this altogether incomprehensible 
joi, accoiding to that description, the enzv me only plays the 
pai L of an intermediai y, piescnting a molecule ol water and 
two molecules to one anolhei The picscntation 

( llected, the enzyme is Iree to bung about anothei, similar 
union bctw'cen writer and two moie molecules 

in E\.p 45 we lound that even though the diastase was 
.illow'cd to act on slaich loi several da}s, not all the lattei 
was converted inlo sugar That this was due not to the 
eshaustjon ol the enzvme but to the conditions ol the 
expel imeiiL we demonstrate b} repeating the expeiiment 
Liius 

50 Prepare solutions of diastase and of staich (as in 
Rxps 44 and 45) Add a known amount ol the staich 
liquor to a large lest tube or beaker (A), and a corre- 
sponding amount to a paichmeiU tube 01 dillusion shell 
(R), as described in Exp 17 Add a measured quantity 
of the diastase solution to A and an equal quantiL} to 
B Stand A and R in watei kept at a model ate and as 
uml(3im a temperature as possible Alter some houis, and 
tlien at coiivcnient intcivals, test A and B for staich At 
the end ol 12-24 houis leplace the water in which the parch- 
ment tube dips Idv fiesh wmter Determine that, wlieicas 
A continues to give some colouration with iodine, B ceases, 
after a Lime, to give the iodine leaction This means that, 
ihoLigli some starch remains in the test-tube, all tiaccs 
of iL disappear fiom the paichmcnl tube Since the only 
dilleience between A and B is that, wdiilst the sugar loimed 
by the action of the diastase on starch accumulates in A, 
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iL passes b}' osmosis liom P) into the siii i oiinclin 

the pairhment lube, we conrlude that tlic accumulation ( 
the piodijcts ol enz\me actixity tends to bung the actio 
ot that enzN me to a standstill In otliei woids, cn7\m 
a('tion IS inhibited In the pioducts ol tliat action 

0} a suitable and casil}^ planned senes ol expciiment 
\\c ma) dcteimine that diastase is \eiy susceptible wit 
lespcct to Its staich-hydrolysing poweis to e\tei nal roi 
ditions Thus diastase acts slowly at a low tcmpciatiiu 
moie lapidlv as the tcmpeiatuic inci eases to about C 
and slowei again at >et highci tempei alui es. Heated t 
about 85° C It IS ‘killed,” 1 c its hydiolysing powxis .11 
dcstio\ ed 

Again, diastase — like otliei enzymes — may be shown 1 
be \ery susceptible to othei conditions, eg acidity o 
alkalinitv ol the medium m which it acts 

We will now/ summarise what we ha\ e leai ned concei nin* 
the properties and mode of action ol the enzyme, diastasc 
Diastase is a soluble, mdiliusiblc substance (see Exp 
nccuning in both plants and animals, among w/bicii it 1 
widely distiibiited VVhcnc\er staich is undei going ciigcs 
tion, diastase is piesent as the active agent ol that cliangt‘ 
Starch is a resei\e lui m ol caiboh3diaLe lood-nuitf i lal T 
IS insoluble, and hence, though excellent loi sLoiage pur 
poses, IS immobile and unusable as lood Sugai s ai e plasLn 
loims of caibohydiale They arc soluble and difl usiblc, anc 
hence aie mobile and usable as food The i 61 c ol diastns* 
IS to convert the rcsciwc cai boh^/di ate (staich) into plastic 
carbohydiates (sugais) Its mode ol action is hydiol3tit 
and elastic A specicdist among chemical agents, it ac t^ 
exclusively on staich On that substance its action i‘ 
potent gj\en suitable conditions ol tempei atuic, slighi 
alkalinity of medium, lemoval of the pioduct ol its acti\ 1I3 
a \ er3^ little diastase suffices to effect the convei sion of lai gc 
quantities ol sitaich to sugar. The action of diastase 01 
the staicli contained in staic hy seeds begins as soon as the 
latter are placed under conditions w/hich admit ol geimina 
tion For luither inloimation on the subject ol diastase, 
see Bibliog rapfn , ro, ii 

Out study ol the action of diastase on staich Iwi*^ 
bei\ed to gi\e us a cleai and piccisc idea ol w^hat goes 
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oi\ m the coin sc ol the digestion of food bv an nnimal 
\Vc have seen that botli sali\a and pancieatie juirc contain 
diastase, and that both, jn consequence, con\Lit staich to 
sugar It we extend oiii ideas gained Iiom the mode ol 
action ol diastase on staicli to digestion in geneial, we aic 
led to conclude that digestion in animals means — apait 
Irom any mechanical action — the production, by the action 
ol special enz\mcs, of soluble, diltusible, plastic substances, 
tiom insoluble, indiHusiblc niLitci lals supplied to the animal 
in the luod Similarl>, nppl3'ing the same conclusion to 
plants, wc pi edict that just as a diaslatic enzyme con- 
\'cits insoluble staich into soluble, diffusible sugat, so, 
jn oily seeds, a specific enz) me cllects the coinxision ol the 
oil into soluble plastic substances, and m seeds containing 
piotcin (aleiirone) giams, otlier enz\mes effect similai 

clianges in the indillusiblo and, tor the most part, insoluble 
pi oleins Not only shall w'c expect to find these enz_\mes 
in the germinating seeds, but also in an> pails ol the plants 
wdneh contain icseives ol luod-malerials liable to be diawn 
upon loi the puiposc ol luitiition This hypothesis wc 
proceed to put to the toiicli ol expcriincnt 

51 '*■ Prcpaie solutions of coinmeicia] diastase and 

of hcjiior panel catici (Appendix A) Cut out small cubes 
of the white of a haid-boiled egg which, as vve know, 
contains insoluble, coagulated piotcins Place a cube m 
each of two test tubes, and also in a d illusion shell or 
p<irchmcnt tube standing in water, add diastase solution 
to one lost tube and diluted liquor paniicatici to the 
other test tube, and also to the dillusion shell, add a 

dio(D ol th\ mol to each ol the tubes to ptc\<‘nt tlic 

giowth ol bacteua, and keep them at a tempeiatiiie ol 
3c;^-qo°C W'c note alLci some houis that, whereas the 
w'liile of egg to w'hirh diastase lias bc^en added undeigocs 
no change, that exposed to the action ol liquoi pancre- 
atici becomes irregulai in outline, smaller and translucent 
Noting these changes, wo lecall the fact aheady dis- 
''ovciccl, that protein-Iike substances (peptones) exist w-hich 
lie both soluble and diffusible (sec p 4r, Chaptei in) 
Now, from oiii study of diastase, wc should not be unpre- 
paiecJ to find that if pancreatic juice digests piotcins, 
soluble and dilliisiblc bodies lesult fiom this digestion. 
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52 Tlicicloie, after the paiicieatic jujce lias ack 
tfic \Giilt of eyi; 1(11 soEiKj tini(^ lake a sainpl(‘ of 
IkjukI and tcbl it loi peptones by the biiiiet te^t 
lose ( oIoLii u Inch lesLiUs Ikjiii the apjilicatiun ol 
test Muli(-alcs that the panticalic jUK'e lias eitcctecl 
com ei Sion ol insoluble, indill usible, coag ulatejd alln 
into soluble, dillusiblc peptone Altei 12-2^1 houi s, a 
the pepL(jne test to a sample ol tlie liquid in the vessel 
which the diffusion shell (01 paicliment tube*) dips 1 
peptone reaction is pioeJticcd, conccntiate hall ol 
Iiejuid to a small bulk and repeat the test Note I 
thotiyh the liquid is showm to contain tlie piotein-like b 
peptone, no coagulation occuired dining the opeiLitio 
boiling down the liquid to a small bulk, lor pepto 
unlike the soluble pint( ms, aie not coagulated by licat 
may be necessai^ to allows the c\perimenl to continue s 
days beloie peptones are lecogmsablc in the walei ol 
outer vessel 

53 vStait anothci digestion c\peiiment with uliit< 
cg-o^ or cm died milk, and liquoi panci eatn^i, using, b 
c\(n, a vc/y 6}}uiU qiicniliiv ol the siihstaiK'c to be diges 
Belore all the solid white ol egg 01 cuid ol milk has 
appealed fiom the test tube, test lor peptone. 1 
replace the Lube and test again at intei\nls ol si\' 01 n 
horns It wall be lound that, as the action of the panel c 
jUK'c continues, the peptone i eviction gets lamtcr, and Im 
lads PeptoiK's, theieloie, aic not the final piodiicts of 
digestion ol pioLeins b)- pancicatic jmcc By appropi 
experiments it may be showm that the peptones giv'c pi 
to simplci nitrogen-containing bodies, among which i 
be mentioned leucin, tvrosin, and aspaiagin (Bibhogiap 
ir) It would take up too mui'li time to invcstigale th 
fiijal products ol the pancieatic digestion ol piokins, 
w c may state that the}' ha\ e been showm to belong to cei I 
gioLips of nitiogen-contaimng, 01 game substances kno 
as the amino-acids and their dcrivati\cs (Bibhogiap 

rO 

The main facts which we have Icaincd fiom the stt 
ol the pancicatic dig-estion of proteins aic as fol]o\ 
Duiing (digestion, soluble and difliisible substances arc p 
duced The digestion takes place in tw^o stages , in the fi 
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T HE meaning of iIk teim Nulriiion the use wliicli the plain makes 
lootl siibsiincc'b The geiniinaling seed considcied as \ machii 
The source nt ihe powei which dnves the machine and the conduit 
uiirler which it woiks 

VVe coiiLludccl from llic icsuUs o( out cxpeiimenls 
Chapter \v that the leseive matciials ol llie seed a 
icndeied soluble and dillusil^je by the action ol cn/yme 
and that the plastn lood-bubstanccs thus piuduccd slm 
to noLiush the seedling -\V(‘ have now to discovei wli 
IS meant by the noui islimenl ol the seedling in otli 
u'ords, w'e ha\X' to find out to what uses the plant pu 
plastic 1 ond-malci lals 

It would be possible to begin this woik by c\peiimenlii 
w'lth seedlings, but oiii task will be simplified il we choos 
not one ol the moic com[DJe\, higher plants, but one ol ti 
simpler, lower plants 

Ol the lower plants which may be used loi a study 
nutiiLion, the most convenient is that used by bicweis 
set up alcoholic Icimcnlation in sugar The plant 
question is known as ycasl (Sacchai omyecs ceievisue), ai 
may be obtained in commeiec 

55 Ha\ing pui chased a small quantity ol acti\c vea^ 
we prcpaie a nntiicnt solution, eg Pasteui’s niiLrici 
solution ('\ppencliv A), in which it is known that Nca 
glows well Hall fill a small flask with the solution, be 
il, rcmo\e the flask from the bunsen fiamc, plug tl 
neck wnth a wad ol cotton w'ool, and set it aside to coc 
Pass a needle mounted in a pcn-h(')idei once oi tw'u 
through tlic (lame ol a bunsen buinci in oidei to sleiili 
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its point Allow It to cool, take up a little ol the yeast 
oil the point ol the needle and tianslei it to the cooled 
liquid in the ITisk' Plug lIil nc< k ot the llask again with 
iicbh cotton wool, label it appi opi latch , and stand it in 
a waim place C ) Mtei some da} s, note that 

the contents ol the Hask ha\(‘ become tuihicl I 3 \ mounting 
a diop ol the liquid on a slide and examining it unclei 
the higli powci ot the micioscope, it will he seen lliat the 
tuibiclilN' IS due to the picscnce ol mnumciable spliciical oi 
o\al IdocIics, which, if the mag nihcalion is sutlici('iul\ gical, 
picsuit tlie appcaiance shown m Fig 14 



Fig — Vcast Ccr ls 

T, ? reiving \ e ibl I ' Us, lioni i sample of brewtrs yeast Veiy liij^hly niignifiLd 
3, I living (UK, giowiim activeK (Ijudclim?) m lOsteurK iiutriLiii sokuion 

rtll w ill, iiLicIcus (After Wagt-t, 1910) 


Wc note that these o\al bodies aic ol dilieicnt sizes, 
and that some ol them aic m pioccss of division or of 
liLidcling ofl cells like Lhemsehes (Fig 14) Hence they 
aie c\ identlv alive Each o\a 1 01 sphciical paiLicle which 
const itutcs a complete \cast plant is called a cell or proto- 
plast, and since a single piotoplast is capable of nourishing 
itsell, glowing, diMding, and, m lari, leading an inde- 
pt ndenl cMSlencc, we say that \cast is a unicellular plant 
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56 II a chop ol potassmiii-iodidc iodine sol u lion is i 
Lindi I lliL co\ei i;hiss, the ^laiuiles I^ceonio ol a 
iDiown culoui SimiLuI), d some ol the tin bid li<]i 
lihetcd thiOLi^h ^lass wool — ui i( some ol 1 oi f 
\east IS taken and pounded up uith (lean siInci sane 
mcjiLni, it nia} be sliown, c by IMillon’s ita^ent { 
3^^), that llie pounded contents ot the \east c(‘Ils to 
pi oleins W’e thus conliim the icsult ol tli- loclini 
applied to the indi\ icluni N-east cells We concltidc Ilia I 
(ell which, since it lecds, glows rind divides, is rilivt, 
lams sLihstnnces which, nitei being killed, i;iNe ilu 
netions chai a( tei istic ol pi oleins Since Lh(‘ amount ol 
boine on the needle point has sullued to [^iocIlki 
lelativelv enoi mous quantity now^ picsenl m the lias 
is clear tliat Lheic has been a \ei 3 consiclei able *uigm< 
tion ol the amount ol piotcms, etc , piesenl in lh(‘ oi i 
cells placed in the hask Theieloie, the Iivung 
supplu’d with appiopiiatc nutrient mateiials, wdiit h iik 
sugar and also Liaccs ol nili ogen-containing bodii s, b 
up piotcms and mcorpointes them into its living stibsl. 
In this piocess ol incoi poi *iLion, both cai bohy'di ale 
nitiogen-containmg mateiials aic employed As a i 
ol this piocess, tlic nmoLint of liv'ing substance is iik i(‘r 
Ot the cliemical constitution ol living siibslam e wt* k 
little Ol nothing VVe know that when it is killed il t 
invaiiablv/ piotein icaitions, anti Iicni e inlei that pif)! 
arc among its essimiial constituenl s Wc mil llu* li 
substance piotoplasm We coiK'ludc, thcicfoie, that 
most impoitani use to winch the ycasL plant ])iils 
mateiials which it derives fiom the nutrieni soUilif) 
the manufactuic ol fiesli living- substance 

Applying- these conclusions to tlic sccdling-s of flovv^e 
plants, vv'e may conclude tlial one use ol the plnslu' li 
substances is to supply tlic piotoplasm of the seedling ' 
mateiials foi the constiuction ol new piotoplasm 1 
this piocess ol manufacluie goes on m Ihc tissues ol 
seedling we alieady have evidence Wc Icnovv 
during gciminalion the embivo inci cases cmoinK) 
m size Wc find also, Iroi-n a micioscopie ex. 
nation ol sections through the ^oung lool and si 
ol seedlings, that their tissues aie made up ol mii 
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nuisscb of sLibsUuK'c, inning, like the \easL cell, the 
\t‘lIo\v, iodine icjction "1 he luimbn ol these masses 
I “• Rn gieaU’i in the geiminatmg sc((llmg than in the 
einbi NO contained in the seed Iheieioie, we roiK lLid< 
tlmt, just as the \east plant consists ol piotoplasts W'hieli 
undeigo clnision, so the tissue^ ol tlic seedling consist 
ol piotoplasts which iindei go cli\ ision The onl} essential 
point ol dilhience lies m this, that, wheieas thc-‘ 3 east cells, 
altci division, scpaiati' linm one another and constitute 
etich a Linieelliilai plant, the piotoplasts constituting the 
Lisslk‘s ol the seedling do not sepaiate, but icmam con- 
nected with one anothei In other vvoids, the seedling is 
a nniltii'cllulai oiganism and not a Linn cllulai oiganism 
like yeast 

When wc examined the sections ol plaiU-tissnes (Rxp 
ji'), \^c luimd that the tissues aie cinided b\ w'alls ol 
(ellulosc into small com|}artmc lUs, and we leeognise now' 
that the pioLe)plasm which ga\c the } ellow -bi ow'n eolouia- 
Lion with potassium-iodide iodine solution is tlie living 
tiling — the piotoplasl, and that the (ellulose walls aie but 
iL seaHolding or siippoiting liamew'oik to the piotoplasts 
Since, as the seeclling glows, the numbci ol c( 11s mcieases, 
theic must be, bcMde the meiease ol living protoplasm, 
an ineicasc ol the eellulose substances which loim the walls 
.11 oLind each pioLoplast 1 hese walls are toi med b} and fioin 
tlic piotoplasm Pail of the latter, undei going breaking- 
down piocesses, pioclu.'es cellulose, which is deposited 
(‘ilhci between two cells which have just divided, or on tlie 
alicady loimcd w'alls ol young (ells TIuis, thc.^ pi otoplasm 
maivcs liom the plastic food-substanocs, not onlv moie oi 
k‘ss pcirnancnt aiJditions to its own substance, l^ut also uses 
up same <j1 its substance in the piodiiction of cell-vyalls 
Such inanula( tine b\ the piotoplasm ol the vaiious sub- 
stances needed by the oiganism loi special purposes is 
called secretion VVe mav' say that the cc'll-w'all substance 
IS secicted by the protoplasm, that diastase oi any other 
cnzvmie, such as wc know to be piocluccd by plants or 
animals, is secreted bv the protoplasm, and so on The 
plastic lood-SLibstances supplied by the endosperm or 
('otyledons to the growing seedling piovide mateiials wdneh 
SCI v'e lor the mcicasc ol the protoplasm of the seedling 
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BlU not all tins jncioasc is pciinanent, loi some of 
piotoplasm IS de\o[Ld to tli( sccietiunoi spei lal sLibstai, 
such as ccHiilosc, enzymes, etc Hence some ol the 
stituent molecules ol the plastic lo(/cl-sLibstances; miyia 
Irom the endospeim become, in the secdlint,^ integial p 
ol piotoplasm, and some, haxino been loi a time i 
stituents o{ the piotoplasm, sei \ e lor the loitnation ol 
\aiious secretions Moieo\er, it the rate ol passagi 
sugar Irom endospeim to seedling- is faster than the lat 
winch the sugar is being used by tlie seedling, the sui 
may be icronxeited into slaicli and stored tempoiaril 
the seedling in that toim (s('e L\p 19) 

WV thus obtain a clelmile idea of what is meant 
luiliition This piocess iiuohes the incoiporat ion ol 
tain ol tlie constituents ul plastic lc)od'-substanc''CS with 
piotoplasm, which becomes tlnnebv increased in quant 
it means also the pio\ision o( ma'teiials not only' for 
peimanciit mi tease, but also lor the manulacturc, \)y 
h\mg piotoplasm, ol the many \aiious substances vvl 
play a pait in its life 

Now, il tins wcie a complete account of the fate ol 
plastic lood-matci lals which the seedling chnnes horn 
1 CSC! VC lood-malei lals, it would mean onl>' lliat 
elements contained in the iescr\c matenaL pds^ to 
seedling, and, undet gorng 1 ccomhinations, become pain 
tlie piotoplasm, oi the cell-wall, ol enzymes, and ol ot 
secictions li this ucic the case, there would be, a 
weie, meiely a li ansmigi ation ol matter from the cn 
sperm 01 cot^ledo^s to the seedling, and the di y ^v(n 
ol a seedling which has access to th(‘ resci \ c-matci lals n 
foi its supplies ol lood, w'ould neitlicr increase, 
decieasc, as geimmation piocceded UHiether tins is 
case 01 not w'c (an put to the piool of cxpeiimcnt 

The problem which we ha\c to ^olvc is as follows 
a seed is geim mated nndei such conditions that it can 
obtain supplies ol food-matci lals except from its icsei 
in cuLYt.‘dons 01 endospeim, dors the dry w'eig'ht of 
seedling remain constant, 01 is theic an incieascor dc( ic 
in dry w'cight^ 

Wii know/ that the geriTimating seedling takes Lip WMt 
and, Uicreloie, its undoubLcd iiiciease in weight miglU 
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(Jiic mclcly to tlic w'atCM winch it nhsoibs Wc know also 
that the LOtyledons, c ol tlie l^ian, shii\(„l as they lose 
their lesciv'cs ol staich, etc Is the loss ol dry weig-ht by 
the cot^dedons (. \actlv balanced by the gain in di> weight 
b}' the lestot the seedling 

Ihis IS a mattei of such impoitance that though the 
c\pciiment is tedious, Lind lequties lairlv accurate* w'Cigh- 
ing b\ means ot a chemical balance (Appendix B), all 
students should atlc'mpt it 

I c) call}' out the expeiirneiU wo pru( ced as follows 
57 Pick out about ()o seeds ot kidney bean (Phaseolus 
^iiigaiis) Ot other plant with laige, epigean cotyledons 
Soak the seeds loi tw'ent}-lour hours in tepid vvatei Selet t 
50 seeds ol appi oximately similai size, di\ ide them into 
two lots of 20 each, ieset\ing the otliei 10 W^eigh tlic 
two lots ol 20 Pkint one lot in puts m moss 01 coco-libic, 
and pIlIiU also the 10 iesei\ed seeds m case an}' of the 20 
laii Put the pots in a daik room or box, being cnrelul 
that no light kills upon them Gi\e w'atci v\hen nccessai}' 
Scjiiecze out eacl'i seed ol the other lot of 20 from its 
seed-coat, pound the seeds thoroughly m a moitai, and, 
when they ate thoioughly ciushed, translei them to a 
w'eighed poieclain dish and cliv m a drying oxen at lOo'^C 
Altci a day, take the dish liom the oven, place it in a desic- 
cator to cool, weigh, leplace in the o\en loi twcnt^^-lour 
hocus, then iemo\c, cool, and weigh as before We thus 
ol:)tain the dt}' weiglit ol cm germinated seeds (less the 
w'(‘ighL of the seed-coats, which does not concern us) 
Altcn" a foitnighl, when the daik-grown scedlincjs ba\c 
giown to a considerable size, Luin them out ol then pots, 
icunoxc, by washing, all pieces ol moss, etc , tiom then 
loots, select 20 seedlings, w'eigh, chop, and then grind 
thfMii in a moiLai and determine then diy weight 

The diHcicncc betw'een the-* fiesh w'eight and diy weight 
ol the seedlings gnes a measure of the amount of vxaler 
tcikcm up in the couis(‘ of germination A comparison ol 
the cliy W'eight of the 20 germinated seeds with the 20 
similar, ungcimmatcd s(‘ecls, show's that in the couise 
ol gcimination the diy w'eighl of the seedlings has 
clecn eased 

We pioxe, thus, that chiiing the woik of gcimmation 
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tlieic IS ail actual loss ol luatciial b\ the plant NoL onij 
IS loijcl-matci lal passed lioni < ot>lcdon to scccllino, btiL alsc 
the plant, it picvi'iitcd liom g(‘ttMiy lood-mati i i,j 1 lion 
oih( I soii[((‘s, losi's some of the mateiial which iLcomaincc 
be I OK g(. I 111 I nation began 

In oTder to loim an idea as to the meaning ot Uns, loss, 
let us imagine that we are engaged, not in the study ol 
the ph)sir)rogy ol plants, but in that oi the plusiolo^V ol 
motoi-cars , " and let us ask what we should lequiic to 
leal 11 beloic we could claim to understand the mrclianism 
ol (Mrs We should lia\c to find out what uses the s< v'oial 
paits sci\'e, i c the I unctions ol those paits, and also liow- 
iheN ( oiitiii)uLe to the woik ol the eai as a whole Isul 
we should teciuiie to know moic than tins, namely, the 
soLiueol tli(jeneig\ which sei\cs todii\e tlic iiKcbrinism 
1 1 onl\ liom the smell lelt m then wvike, w^c aie lamilun 
alieadv w'lth the lact that most (ais consume petiol W'e 
know' also tliat the pcLiol ponied into tlie tank oi the cai 
lias to be leplciiishcd at intei\als, and that, the (astci tlic 
cai IS dii\en, the quielKi is the petiol (onsimied ^^T‘ 
conclude that the petiol luiiiishes the eneigy which flii\es 
the car \Vc find m the cai ai i ange iiieiits loi heating llic 
petiol and lor ini\mg it wmlIi the o\yg( n ol the an so us 
to cause it to undeigo combustion that is, te) unite ebemi- 
cally with the oxygen As a lesiilt ol this conibustKjn, the 
petiol disappeais, being lepLued b\ w'aste, <a\idis<'d sub- 
stances loimed by the muon of the consLiLue'iU elements ol 
petiol W'lth oxygen It is not, howevci, to pioducc tliese 
waste substances that the iTiotoiist pin chases petiol hc' 
W'aste substani es ate the unavoidahlo conscquiuices ol the 
combListion, aiiel ha\c to be got i id of It is the energy 
Iibeiated duiing the coml^ustion that the motoi isL tcquircs 
and empIo\'s, bv means ol appiopiiatc m<'(.hani('al devices, 
to do tlie w'oi k ol propelling his cai II v\c buin a 
little petiol III a lamp, w-e find that eneigy, in the fuim col 
heat and light, is piocluced, that the petiol clisappeais, and 
that gases, carbon dioxide and watei \apour, aic given 
oK It w'e shut oH the supply ol ox\gen complctcl} , the 
petiol lails to burn, li w'c i educe tlic siipplv ol o\\gcii, 
It burns wulh a smoky flame — the combustion is incomplcle 
— and some ol the cai bon ul the petrol, instead of uniting 
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w'lLh o\\gcn Lo loim raihon dio\i(lo, is deposited as soot 
1 he encigs libciatcd dLiiing the ( oml^Listion ol llie pcliol 
in the lamp ma) be caused to do meLhanicnl wotk, to 
eonxGit watci into steam, to mal^e the hea\ > lid ol a 
ivCLtle coiUainmg watei heated o\^er the flame ol the lamp 
to bob Lip and clown so also the eneigy libeialed duimg 
the combustion ol the petiol in the cai is caused Lo do the 
\\ 01 k ol pi opulsion 

Now peliol consists ol a mi\tLiie of substanci s ha\ing 
the gi'neial loimula, and when iL is burned 

lompletciv It gives use to w'alei and caibon dioxide 
Mi'll covet, it can be proved c\pciimcntall\ that a definite 
amount ol pctiol unites with a definite amount ol o\^gcn, 
and, as llie lesull ol its complete combustion to eaibon 
dioMclc and walei , libeiates a definite amount ol cncrg\ 
hhiithei, whether tlie oxidation is slow and caitied 
oLil in sevmal stages, or whcthci it is lapid and caiiicd 
out app<.iiimLlv m one stage, the amount ul cncig'y 
lifjeiated is tlie same fust as v\c poui a pint ol vvatci 
lio'ni a pot, either in a rush 01 diop b}' diop, and in cither 
( ase get no moie and no less than a pint, so the encigy 
libetaLc'd hy the oxidation ul a gi\en amount ol a substam e 
IS lixcel in amount, no malLci w'hether jt is libciated in one 
01 inoi e stages 

H we turn our attention again to the seedling, we tecog- 
nisc‘ as we noie its lOoL peneliatmg into the soil, its stem 
lilting iLsell into the an, its piotoplasls dividing and laying 
dowoT new partitions ol cell-wall substance between tlie 
claughlci piotoplasts, that the plant, like the motoi in 
action, IS doing woik But to do woik is to expend enei g) 
1m om what souice does the plant derive the energy ncccs- 
sai y to cai ly on the w 01 k ol living'^ The loss in dry weight 
Lindeigonc by the seed cluiing geimination now' becomes 
significant The libciation ol eneig} by the combustion 
ot petrol in the motor-cai, 01 in the lamp, involves a con- 
sumption ol petrol and ol ox\gen The activilv of the 
geimmatmg seed inv^olvcs a loss of substance May not 
this loss of substance be associated wnth the liberation of 
the encigy by means ol \yhich the plant does its wotk^ 
And luiriici, fiom the analogy with the woiking of the 
car, may not this energy be derived from the union of 

K P E 
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certain substances contained in tbe seed with o\} g 
obtained trom the an Thus we airue at an h>pothc 
which IS capable of venlication, and which, moleo^'■er, d( 
no violence to our knowledge of seedlings For we kn- 
alieady that a loss of substance, analogous to the loss 
petiol in the lunning car, occuis in the germinating sc( 
We know, moicovei, that seeds contain substances capal 
of uniting readily with oxygen lot example, the oil of o 
seeds may be used toi lighting pui poses A handful 
sifted sugar thrown on a smoiildci mg hic bums with 
bright Flame It seems icasonable to suppose, theiefo 
tliat the rcsei\c food-materials supply the matein 
for the process, akin to combustion, in the coin se 
which energy is (urmshed to the plant But if th 
or something like this, is the mode wliereb}^ the pla 
clcii\es enei gy, we shall expect to find that m doing so 
consumes oxygen, just as the peti ol-engme consumes ox 
gen Thus, we may test out hypothesis by cletei mining t 
relation of seeds to oxygen If the seed depends loi i 
supply of eneigy on the union of ceitam combuslil 
materials with oxygen, and if the cneigy so denvecl giv 
the seedling its power of doing woik, then, just as wjtho 
0x3 gen, the pctinl will not burn and the cai icTuscs 
lun, so, without oxygen, seeds should leluse to gei minal 
To dcteimine whethei 01 no this is the case, we piocccd 
folIow^s — ■ 

58 Obtain seeds wducli are capable of geiminatii 
under w^ater— iice is good loi the purpose, but not alwa 
easy to get in a li\ing state failing the seeds of watci- c 
marsh-plants, onion seed wnll seive, though it only gcrir 
nates so far under water as to show^ the wdiite lip of i 
radicle Next, prepaie a quantity of boiled watci by tl 
method described in the Appendix B Into each ol tw 
similar small flasks or beakers, one filled wnth unboiled, tl 
other wnth boiled (and cooled) water, put a dozen gran 
of rice or othei seeds known to germinate und< 
w'atCT PoLii caicfiilly a thin layei of oil on the suilai 
of the boiled w^ater in order to check absoiption ( 
owgen from the air Obsei vc the seeds at intervals, an 
note that germination does not occui m the absence < 
oxygen 
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The iollowing* moie sinking method oi illustrating; this 
dependence of geimination on o\^ gcn-supply is due to 
Di F F Blackman — 

59 Two larg;e beakers aie placed in a sink, soaked 
bailey grains (about a dozen) aie put in each, and a wide- 
mouthed funnel is inverted over the grains in each beakei 
Tlie beakers aie filled with w'atcr so that the giains aie 
sLihmciged One beaker is put under an open tap so 
that a constant stream of w'ater passes down the neck of 
the funnel and ovet llow's from the top of the beakei 

To the other beaker, no fresh watei is supplied Hence 
the giains in the first beaker receive a constant supply of 
oxiygcn dissolved in the water of the stream and those in the 
other rccei\e only such supplies of oxygen as aie contained 
in the water in the beakei, or arc absorbed by the water 
horn the air In the couise of a week or so, the bailey 
m the continuous water-stream, although submerged, gei- 
minatcs and puts forth green leaves wduch gtow' to a con- 
siderable size , that in the standing water, though germina- 
tion may begin, is unable, in the absence of sufficient 
oxygen, to produce any but the most diminutive of secd- 
lings 

In addition to these methods, the follow-mg experiments 
may be employed to dcmonstiate that oxygen is necessary 
lor geimination — 

60 Fill two gas jars with watei and invert them so 
that their open ends are downwaid and beneath the surface 
of the water m a pneumatic trough or large dish Displace 
the water by carbon dioxide (Appendix B) Impale two 
soaked bean" seeds on a long blanket- 01 hat-pm Fix the 
pin to the inner surface ol a cork w^hich fits the mouth of 
the jar, and then push the coik w'lth pm and seeds into the 
open end of one of the gas jais, keeping the low^ei end of 
the jai under w^atei duiing the opeiation Proceed in a 
similar manner wnth the second jar, but bcfoie pushing its 
coik home, mtioduce, by means of a pipette, a little an 
into the jar 

Leave the jars standing in the water in the dish or 
pneumatic liough to prevent any air from entering , and 
piocecd in a similar manner to prepaie tw'O jars containing 
each, two soaked, impaled bean seeds Replace the water 
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jii LMch jji b\ h\'diu,ycn ( Xppcndix B), and, haMiii; 
^o, allow a litLJp ail to ciitci one ol the jai s , since, how < 
li\dio^en and oxsgen loim, in ceitain pi upoi tiuiis, ai 
plosive mixtLii e, the h’i di ogen cxpci ime nt should be urn 
b\ those Linaecustomcd to ehcmiral manipulation Int 
ot hydrogen, nitiogen gas (Appendix C) ma}' be empio 
As a eontrast, set up a similai gas jai containing 
and pass soaked beans, tianshxed l)\ a blanket-pin, int( 
jar Record (tom dav to day the gcimination o( the s 
in the jars Fiom the lad that gcimination pioc 
faiily uniloimly in all the jais containing an, we i 
that th( \iiiious gases (CO_j, H,, etc ) do not ol thenisr 
adect geimination ad\cisely, and since it pioeeeds nc 
all, or at most veiy slightly, in the jais (lom which ox^ 
IS tibsent, we conclude that, as oui h\polhesis led u 
expect, oxygen is nccessaiy loi gcimination 

/Vnothcr method w'hich, though less diiect, is inti'ics 
because of its beaiing on gai den-piaeliee, may be ti ici 
6 ] Piepaie enough puddled clay, by J^.ncaf!lng 
clay w'lth watei, to fill two fan -sized maimaladc pots 
a layn ol the wet clay at the bottom of one pot, plai 
dozen bailey giains, and pi ess wet clay closely o\ci l 
till the pot IS lull Covet the pot wuth a sheet ol gl 
Fill the second pot w/ith puddled clay, and plant ha 
giains jLi^t below/ the suilacc Ccwci each pot wath a g 
|)Iate Adei a week oi moic, uucstigatc the gcimina 
f)t the bailey m the two pots (The puddled clay mus 
pieventcd liom di3ino duiing the 00111^,0 of the exptiiin 
othciwise It w'lll ciack, aiurthc expeiiment will lad 
diving may be pie\ciUed by covenng the two pots wii 
bell-|ai, Lindei which a saucei ol watlci is placed ) 

The lesults ol the pu^ceding cxpeiimcnts show' that tl 
can be no doubt that oxygen is nccessaiy loi geim 
tion 11 w'c SLiecccd in cslablisliing our hypothesis, 
shall have the light to conclude that the laduie ol se 
to germinate in the absence ol oxygen is due to the 
that, no combination betw/een oxygen and combustible 
stances being possible m these eii cumslances, no cnc 
deiixed hom this souice is a\ a liable, and no woik cai 
Gained on But if o\3'gen is used lot this puipose, 
aiL m which seedlings aie gi owing must in conseque 
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conic to contain less o\_\g;cn R\' tal'.inci advantage ol 
the well-known LicL that a taper Inn ns in uidinai)' an, but 
nut in an Iiec lioni e)\\gcn, we ean eh tea niiiK' whctlici 
gciminating seeds cxtiact c)\\gcn liom the an 

62 Hall fill each ot two wicIe-moLithrd, wx'Il-btoppei eel 
bottles with si'iaked peas or bailcw' Replace the stoppei s 
and put the bottles in the dai k in a waim place Altci 
tvenl)-Ioui 01 loit^ -eight houis, hung o)ic bottle into the 
100m Ha\ing lit a tapci , i(Mno\e Lh(' stoppei, and plunge 
the Iight(‘d taper into the air ol the bottle 1 he fact that the 
Manic* IS extinguished gi\es us piool that owgen lias dis- 
appeaied Since o\>gcn has disappeared liom the an in 
which the seeds ha\c geimmatcd^ it js m a high degree 
piobahlc that it has cntcied into combination with some 
oxidisable substance contained in the seeds Wo wnll assume 
that this lias been the case and also iliat the oxidisable 
substance IS sugai Now' a sug'ai, when binned, gi\es use 
to caibon dioxide and walci accoi cling to the equation — 

-H 120 ,= i2C0,-l- 1 iHX) 

' f r r r 

MalloiC 0\)gen Caibon Watei 
= Malt sugar dioxide 

Tiieieloie, hv ascei taming whctliei caibon dioxide is 
pioducecl by geiminatiiig seeds, w'e ha\e a niclhud ol 
testing the liuth ol the assumption W'Iik h we ha\c just 
marie Foi the pin pose ol this test, w'e piepaie a solution 
ol Inne-vvatci 01 of bai \ la-watei (sec App( ndix A), pass 
into a sample ol eitliei of th(*sc substanc(*s a stieam ol 
caibon dioxide Irom a CO_,-gciiei ating appaiatus ( \ppench\ 
E), and nop* that the limc-watci (01 bai \ ta-w'atei ) becomes 
cloudy The cloud tiicss is clue to the piodurtion ol calcium 
(01 bai Him) cai bonatc — 


CnH,O, + CO, = CaCOi + I-H0 

By blowing thiough a glass tube, dipping into another 
sample of lime- or iDaiyta-w atei in a Lest tube demonsiiatc 
that the an expned liom the lungs is 1 ich in carbon dioxide 
Wc now' apply tlie test lor CO, to the an m the second 
bottle of seeds w'hicli has lemained 111 darkness ieme>\'e 
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the stopper, pour in n quantity of Iime-w'atcr, icplace 
tile stoppei, and sliake the bottle The maikcd tuibidity 
ol tlie liquid indiLutes that caibon dioxide (CO^) was 
picsent in tlie ait o( the bottle in consideiablc quantity 
Since, ho\ve\ei, oidinaiy air contains CO^, it wall be 
w'(dl to test a sample ol an thus empty out the 
bottle, w'ash it, and then poui in lime- oi baiyta-w atci , 
leplacc tlie stopper, sliake, and note tliat tlie amount oi 
CO, enclosed in the bottle is sullicient to pioducc, not a 
]iea\y piCLipitale like that obtained bcfoic, but mcicl) a 
laint cloudim ss 

The consumption of owgen and the pioduction ol caibon 
dioxide bv geimmalin^ seeds mas be demonsliated in 
vaiious olhei wa3's, e c> — 

63 (i) Piepaie an apparatus (see Fig 15) consisting 

ol a glass flask (d) fitted w'lth a 1 ubbei eotk By means 
ol stout lubber tubing connect the side-tube ol the flask 
with a glass tube of small boic (J 5 ), bent at nghl angles 
IiUioducc into the flask a piece ol moist bloUing-papci 
and also one 01 two dozen bailey giams whieli art hegm- 
ning to geiminatc Stand in the flask a tube containing a 
stiong solution ol potash (G), to absorb the cni bon dioxide 
Replace the coik, w'arm the llask' by dipping loi n 
minute the low'ci pai L m v\alei healed to about qo^C and 
place it so that the open end ol tlic bent tube tbps below 
the sLiilace ol meteuiy contained m a small vessel 
(D) As the an m the llask cools, it conliacLs, and the 
meiCLiiy uses up the tube to a cei tain height Mark 
the height to w'hich it uses, eithei by making a line with 
india-in]<.. on the tube 01 b\' Heading oil the level on a 
milhmetie scale fixed behind the tube Co\ci the whole 
appaiatus with a box or black cloth to exclude the light, 
and, at mteivals, iccoid the iise of the meicurv in the 
Lube Tlie use indicates that the total volume ol gas in 
tlie flask and tube deci cases We know^ fiom the preccd- 
ing expeiimonis that oxygen is used, and that caibon 
dioxide is pioduced by geiminating seeds since the carbon 
dioxide IS absoibcd by the potash, the extent of the use 
ol the meiCLiry in the tube gives an indication ol the amount 
of oxvgem consumed by the geiminating sei'ds 

Let us now' review’ the situation to w'hich this senes ol 
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evpciimcnts has led us We know that a geiminating 
seed IS doing woik, and theieloic expending en('ig> We 
know that, in machines such as motoi -ca"s, the diiving- 
eneig> is dei i\ cd fiom the oxidation of petiol (01 coal, 
01 similar bodies) Wc know that, unless ox\gcn is sup- 
plied, the petrol cannot de\elop energy, noi can the seed 
germinate when oxygen is supplied, the petiol is con- 
sumed and the seed loses in diy weight * wlicn the petiol is 



FMG 15 — APP\RArUS TO DLMUNSrRVlC CVOLUTION OP CARBON 

Dioxidc bv Gprminating Sclds 

A, rifibL, with gtrminaling i,eeds , C, ghss tube , C, test tube cont lining pot ish , 
D, nieiLury , Sc, scale 


oxidised, waste pioducts, such as cat bon dioxide, are hbei- 
ated Wc cannot but conclude that the mode by wdiicb 
cncig}' IS obtained is similar in the motoi-car and m the 
gciminalmg seed, namely, by the union of oxygen with 
combustible matenals and the consequent bi eaking-down 
of these relatively complex matenals to simplei substances, 
such as carbon dioxide and watei Nor is it dilTicult 
to obtain evidence to show that the materials oxidised in 
the gciminating seed arc, as wo have assumed, the plastic 
food-materials If w^c look at the equation on p 69, show-- 
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(>i w'C ma\ iL^atcl the Iuiiikm, cJi^estnc pi oe esses, as a pie- 
liniLnai 3 lu nLiiiition, and eoiihiie the Lei in luitiiLion to tlie 
lattei- piOLtss onl\ 11 w c adept the second cotiise, we 
icquiie a Lc i in to include not onl) the diyestnr pioci'ssis, 
but also olhei chemical chani^^ts which occui ir^ulails' in 
the li\in^ oiganism W'e may use the team nivtab<>hs}}i 
in this wide sense To the piocess (M o\idati\c decijinpo- 
biLion ot [dastiL luod-siibstances — that is, the (neig\- 
jiiodticing piotess — the ti^i in /es/n/nZ/ni/ is applied Since 
the w hole signilicanc(‘ o( lespiiation lies m the hbciation ot 
riuuoy^ It IS as absuid to say that icspiration consists in 
the taking in ol owgen and the liberation of cailDOn dioxide 
as It IS to sav that a moLor-cai is diiven by letting o\)'gen 
into the engine ol the car and letting out caibon dioxide 

I'liat the tempt'iaiuie at which icspiiation goes on in 
the seedling is lai lowei than that at which the pctiol is 
binned in the cat need not gieatly tiouble us Foi, in the 
fust place, chemists have shown that chemical icacLions 
g(‘nerj:ill\ which go on at a high tcmpeiatuie, ma\ go on, 
als('), ihoLigh at a slowci late, at a low^ tcmpeiatuie, and, in 
the sccijnd plaice, just as wc iound the enzyme, diastase 
doing at a low tempei a! ui c* w'hat a tiace ol mmeial and 
toLiId do witli equal lajDiditv only at a high tempei atuie, 
so it may be that enz_Mnc-Iike bodies are excieted by the 
pioLopkism loi the special puipose ol speeding up respiia- 
1 ion 

dhcie IS still one aspect ol the piodiiction ol enetgy by 
tiu' moLoi-cai and by the seedling- winch ieqiin(‘s attention 
ft IS v\^ell knowm that the motoi-cai owes its existence to tlie 
impi f )\ ements wdnch ha\e been made ol leccnt scais m the 
pc'ti ol-('ngine TIic peti ol-cnginc has been lendeicd moie 
ellu lent In these impi o\ cments, tliat is to say, an inci eased 
pneentage ol the total eneigy developed b\ the combustion 
ol the petinl is usi^d loi doing the woi k ot piopulsion 
Rut, in spite ol all the mociuiily expended on the con- 
stiuelion ol petiol, steam, and othei engines, a \ei\ laige 
piopoilion ol tlie total eneigy pioduced is ineMtably 
wasted — that is, iS not used lor the puipose which the 
(‘nginc IS designed to scivc This wasted eneigy takes 
th(' (oim ol heal, and the fact that it is wasted is due, ol 
roLiise, to no lack ol skill on the pait ol engineers, but 
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to the piopeities of matter, c ^ to liiclion and to tlic powca 
metaLs iia\T ol absoibinu, (ondiicLiny, and ladiatin^ lit at, 
and so on It oui Lompaiisun ol the plant with a mac hint' 
IS just, w’c shall c\pect to find that, nl the total cnti‘>\ 
pioduced in lespnation, a laige piopoition is not employed 
m diiving the plant’s machmen, I)ut appCtUs in the loim 
ol heat That this is the case may be shown in a stiikmg 
manner by the use ol the lamiliai Dcwai llasks (4 hei mo 
flasks) (Appendix B) As is well known, a hot substam ( 
put into a Dewar flask lemains hot loi a long time, *ind 
a cold substance remains cold 

65 Soak jn tepid waiter loi twcnt\-ioui houis 
enoug'h peas to ncaily fill tw'o Dewai flasks \\ «ish 
the seeds in tunning water, and i eject ans' wdiich seem 
bad Remove siipei Jluoiis watei by mr'ans ol a ( lism 
cloth or blotting-papei Neailv fill one flask with the 
seeds whilst filling, mseit a small theimometcr m the 
flask so that the paiL of the stem which iccoicls tempua- 
tLires above 30° C only lemams visible Push a huge 
wad ol di}/ cotton wool into the neck ol the flask to t lost 
the neck and hold the theimometei in place Wbap the 
whole apparatus in a laige, loosely-fiUing jacket ol cotton 
wool Boil the remaining- peas, and, adopting simikn 
piccautions to those used with the unboiled pens, jmt hall 
their numbcL in the second Dcw'ni flask wath a thci moint'lei 
and wmcl and co\eimg- ol cotton wool Hang up a thud 
theimometei in an oiclinaiv flask to gi\e the rin-tempcia- 
tuieduiing thecouiscol the expenment Ouiing scwial 
clays, and at as legular mteixals as possible, lecoid th(‘ 
teniperatui es regjstcicd by the thicc ther niomc'tci s Ob- 
sei\'e that the gciminating peas pioclucc suflicienL IkmI 
to laise the contents ol the flask to a tempeialuK as 
much as 10'^ C , or more, abo\e that ol the an Nolr 
that the tempciatuic of the flask containing the boihd 
peas IS lor some time little abo\G that ol the an , but 
that, altei a day 01 tw'O, it may also show' a iise ol some 
deg tecs II it does, tuin out the contents ol this flask and 
obscr\e that the pens have become mouldy Now lake* (h(‘ 
lemaining soaked peas and waim them (01 a lew minules 
m a beaker of watei to which a tiace of i'oiios]\'(‘ 
sublimate has been added It should be borne m mind tliat 
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coiiosive SLiblimntc is in the liit;hcsl degiec poisonous 
that only a nicie tiacc need he added to the water in th 
beakei, and that the xe^ssids which ha\c contained it miis 
be thoioughU washed immeclialely altei use II there i 
an) objection to the use ot coiiosi\e sublimate, the pea 
may be boiled in a solution of pei manganate of potas! 
instead Rinse out the Dewar ilask witli a solution o 
coiiosixc sul)limatc or pei manganate of potash liansle 
the poisoned peas, alti'r wiping them between sheets o 
blotting-papci , to the (lean flask Ariange the thci 
mometei and cotton wool as beloic, and detcimine tha 
no mould being able to giow% no use ol tcmperatui 
occuis We leatn fiom these e\pei iments that geiminat 
ing peas libeiate a consideiablc amount of heat, am 
conclude that, just as in machines not all the eneigy i 
utilised loi doing meehanK.al w'Oik, so, in gi^iininatiii' 
seeds, some ol the cnerg-y developed m icspiration appeal 
in the foim ol heat, and is theieloie not used diiectl) ii 
doing vital woik We leain, incidentally, that low' loim 
ol plant-lile, such as moulds, also pioducc iieat, and w 
suspect that they too irspiie, and that they, like th 
seedling and the pi'tioi- oi steam-engine, aic ol only limitc 
erHcienc\ Under moie natuial conditions than thos 
which ol}tain in a Dewar Ilask, the tempeiature of gei 
minating seeds would, ol couise, not use so higli, loi lica 
w'OLild be lost by conduction to sutioundmg objects 
^Itliough we may regard the heat pi od need duiing gei 
mmation as cneigy lost, m the sense that it is not applic- 
to the pcrloimancc of the woi 1\ ol the seedling, yet th 
lieat ma) be sci\ iceablc in oLliei wavs, namely, m piovidiiv 
a lempeiatLiic at w^hich the oiganism can w'oik at its best 
If the petiol in a cai is liozen, the cai cannot be staited 
if the Lempeiatme oi the car rises abovx a ceitain point 
damage ensues In other w’oids, the mechanism ol th 
car woiks only w'lthm a ceitam lange of tempeiaLLiie 
That this IS also the case wuLh the sccdlmg^ we have ahead 
determined in part foi wc know that seeds heated to Ih 
boiling point ol vvatei aic killed 

66 By exposing seed in gciminators to diflcient 1cm 
pci atiii es, r o h cozing point, i oom tempci atut e, C 

and so on, we may determine that gei mmation piocced 
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clccoinposiLions bimilai to tliose whiNi take plaec in aninialb 
aio known to o(eui in plaiUb \^^J ma\ peihaps evpicss 
the I acts tfuis the bulk ot the cnci^v whjcli is used 
by plant and animal is deii\ed liom the o\idati\c 
d( t omposition ol cai boli> di ates oi (ats In the comsc 
ol Its actixity, the piotoplasm itsell Meats out, and 
so pioduLCs waste nitiogenous substances If plentilul 
supplies oi pioleins ate at the disposal oi the oiganism, 
as is the case with man\ animals and some plants, the 
pioteins may be lespiied, z c they ma^ be split up, ceitain 
()[ tlieii pioduLts oxidised, and thus lelcase energ-y The 
onl^ dilleicnce between the animal and plant wuth icspcct 
to these cneigy-icleasmg processes appears to be that, 
wdieieas man} animals aic pi otein-spendthi j 1 ts, most plants 
rue pi otc in-misei s This is a matter wdiich, though intei- 
esLing, IS not essential, and need not therefore detain us 
W’lth lespecL to the lespiiation of the adult plant, wc 
roiu-ince otiischcs b}' the lollowung cxpeiiments that what 
w'e h.i\'(‘ Icxnncd horn the seedling applies woid for wuid 
to fhe adult 

67 ( iiow^ two bean plants, each wuth Its roots in tap- 

w^'ilet I'ontaintd in a widc-moiilhcd jai they ha\c 

passed the seedling stage compaie the plants as to luot 
and shoot development, and then icMiiovcone ol them liom 
llu‘ jai iind place it with its loots in anoihei jai eontamino- 
boiled watei (Appendix B) A layei of oil is then placed 
on the smiare ol the w'atci in this jai The grow'th ot 
(he “ Li ansplaiUed ” plant at once falls l)ehmd that ol the 
iinLouch<cl plant In the absence ol oxygen from the 
u'alei Llie eneigy nec'cssary (oi the giowth ot the loot is 
not dtwelopcxl By icpcating Exp ba, using the opening 
buds ol hoi se-( hestnut oi clandclKin, etc, wc piove tliat, 
like the seedlings, these paits ol the matuie plant absorb 
oxygen and ew'olvc caibon dioxide By the metliod ol 
Ii^.xp be;, using buds oi young Ica\es, w'e clcmonsti ate that 
tin n I i'S[)ii ation lesults in a piodnction ol heat Thus wc 
coni kide that th(‘ enei gy-libet atmg piocesscs, which w^e 
in< ludi' Lindei the tei m lespnation, uin the same course in 
holli }'oLing and adult plants, and in animals Wg con- 
clude, in lad, that this pi ocess is gencial m all oiganisms, 
and that if thine aic any oiganisms in which lespiration 
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does not Lake place in this way, they must l^c icgaidec 
constitiiLing' special cases, and must icccivc spc 
consideration 



CHAPTER VI 


The seedling as an indepenclenL plant the lowest foims of plants and 
animals and the lines followed in the evolution of the highci plants 
and animals The distinguishing charicters of root- and shoot-S3'steins 
The mode of growth of the loot the functions of its paits the root 
hniis, the absorbent oigans of the root 

There comes a time v\'hen tlic seedling, reaied liithcilo at 
the expense ot the i esei ve-matei lals ol the seed, cuts itscll 
adult iiom the lattei and sets otit on its caieer as an 
independent plant That caieci \vc will now follow The 
independent seedling grows, ioims new mcmlDeis, pcrfoims 
lemarkablc mo\ements, and becoming a lully giow-n-tip 
plant, beais llowcrs and sets seed Foi these opeialions, 
it must be able to obtain laige supplies ol mateiial, and, 
lot them, no small amount ol energy is lequiicd W^c ha\o 
learned by expeiiment what substances the >oung plant and 
the animal use in consti ucting their tissues and how they 
obtain their supplies ot eneigy, so, till we find that the 
hypothesis is w'long, we will maintain that the rnaUiie plant 
uses similat food-matei lals lor its luitiition Since, how- 
e\ei, the substances, such as sugai, piotcins, etc, 
W'lnch, on this hypothesis, cnnslitule the ti ue lood-matei lals 
ol oiganisms, aie not piescnt in the soil oi in the an, it 
lollow's that either out h\pothesi5 is wiong, or that the 
mature plant manulactui es these plastic lood-matci lals 
jiom othei substances which it obtains tiom the soil ot air, 
Ol Irom both these souiccs 

68 The lollownng expeiiment afloids evidence in sup- 
poi t of oui hypothi'sis — ■ 

Cieiminatc two lots ol ladish seeds on damp blotting- 
papci When the sei'dlings ha\c cmeigcd, giow one lot 
w'lth the roots in clean tap water, the other lot m tap 
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waLci Lo uhi( li liiis brcn added a fiacc ul polassiLim nitiate 
It will be loLind that the seedlings with then luotb in the 
watei to which potassiani niliate has been added giow lai 
nioie MgoiuLisly than those whose loots aie in oidinai} 
watei (Fig rt)) 

What i elation, il an}, exists Ix'tween the absoiphon 
ol such a mineral salt as potassium lutiate (KNOJ and 
tlie loimation ot plastic lood-matci lals need not concei n 
us now' We aic content to note the c\ idencc suppoi i- 
mg the \ lew' tliat the root absoibs substances liom the 
soil, and that these suhslanees contiibutc in some way 
to the loimation of plastic food-materials on which Llie 
giowth and acti\it} ol the plant depend Kecog msing, as 
w-e must, the \ ital impoitance ol plastic luod-sLibslanees, 
it will be e\Mdent that the fust and constant caie ol the 
plant must be to obtain adequate supplies ol the law' 
mateiiiils wdiich it needs loi then consti uction , and, if we 
beai m mind wdiat we ha\e learned ahead} with icspcct 
to the phenomenon ol adaptation — the automatic adjust- 
meiU ol tlie memljcis ol an oi gamsm to then special v\'oi k — 
(p aa) w'e shall expect to find that the plant-membei s 
concei ned in the absoiption ol tlie law matci lals ol the 
food show adaptations tending to fit them foi this W'oi k 
That iS, these mcimbers, oi paits ot them, piescnt 
appeal ances w'hich we ma} iccogmse as fitting tlicm to 
sLise as nbsoi ptivc Hence, bv a caiclul and 

intelligent mspeetion ol the membets ol a plant (loois, 
l(^aves, etc), w'e shall obtain bioad hints ol the special 
junctions w'hich these members ot then pails pciloim 

Our task, theieloie, in this and in succeeding (haj'iteis 
IS to disco\ei w'hat are the raw maleiiaL of the lood, 
how tliey aie absoibcd, and howq horn the izwv maleiials, 
the plant manuiactuies the finished aiLicles, the plastic 
1 ood-substanres such as sugai and proteins, on whicfi 
the piotoplasm sul)sii>ts and on which, thcicloio, all 
giow'th and activity depend In studying these pioblcms, 
we shall leatn how pioloundly the loim chai ac tei istic ol 
plants IS d(‘tci mined b} the necessity imdci which thc> 
laboui ol piodurmg oigans suiled loi the absoiption ol 
the law' mateiials of the lood Wc shall c\ en diSLO\ei 
that in this necessity lies the oi igm of the remai kablc 
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dilfcienccs in foi m which disLing-uish the higher plants 
fiom the higher animals Between animals and plants 
there aie, as the evidence of toimer and latci chaplets 
proves, no fundamental differences except those aiising 
irum the obligation laid upon the plant to make its own 
plastic food-matei lals The modes of nutiition ol tlic 
piotoplasm are identical in plant and animal the respii- 
atory processes arc simiJai the mo\ements, though moic 
conspicuous in the animal, are alike, and the modes of 
beha\Jour to exteinal influences are the same All the 
w^ondcitul differences in form which stand out when we 
compare the animal and vegetable kingdoms are the out- 
come ol this gieat fact that plants make then plastic food- 
mateiials, animals appiopnate them ready-made It is a 
fact of the profoundest physiological iinpoitance that “all 
flesh IS grass ” 

Let us, in order to illustrate these icmaiks, compaie 
one of the lowest plants wnth a \ety simple organism which, 
though undoubtedly an animal, stands veiy ncai the parting 
of the ways which lead respectively towards the animal 
and the vegetable kingdoms The plant may be obtained 
often in great numbers in ponds, v\atei-butts or ram 
puddles the animal is found also in these situations If 
water from one of these souiccs is stood m a glass dish 
near a window the piesenec of the plant and of the animal 
may be re\ealed by a green scum appearing on the side 
of the dish near the wnndow^ On microscopic examination 
of a drop of the liquid, minute green organisms m acti\c, 
dashing movement may be observed Now^ and again one 
of them rests awhile and then mav be examined in grealei 
detail It consists of a single protoplast the greater pait 
of wdiich is not colourless like that ol the yeast plant, but 
green , the green part ha\ ing a somewdiat cup-sliapcd form 
(Fig 17 A) In the narrow cavity of the “cup,” the proto- 
plasm IS colourless, and, bv suitable modes of preparation, 
a denser, more or less spherical part of the piotoplasm— 
the nucleus — may be seen hing towaid the lowei end 
of this neck of protoplasm At the fiee end ol the 
neck is a slight projection or knob, from which extend 
tw^o piotoplasmic threads (flagella), cMch as long, or 
longer, than the body It is by means of the flagella 
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ihal the organism rows ilsclf alono On one side ol ihc 
body, near the antciior end, a red speck — the e\c-spot — 
may be seen; and suitably stained mici oseopc-pi epara- 
tioiis show that the protoplast is eneloscd by a delicate wall 
ol cellulose, thiough which only the flagella pioject B\ 
hunting through dtops ol w'ater obtained Irom puddles ol 
lain vvatei — and if the student has a micioscope at Ins 
disposal the hunt is W'cll woith making — example's of the 
second oiganism mav be obtained It consists ol a single 
giccn piotoplast, which has the foim of an elongated cup 
or Hash (Fig 17 B) , but instead ol the narrow neck being 
occupied by colouiless piotoplasni, it is hollow, and thus 
loims a gullet Flagella, attached neai the bottom ol the 
gullet, pioject l)C}oncl the body ol the animal As in 
Chlan’iydomonas — the plant pieviuusly examined — so in 
this animal, Euglcna viridis, a nucleus and an c\ e-spot 
aie present, l^ut, unlike that ot the plant, the enclosing 
wall of the body ol Euglcna is not ot cellulose Upon 
occasion, both Chlam^domonas and Euglena may lose then 
giccn colour, become colourless and )et inciease m sue 
and even multiply by division So alike are the two 
oigamsms, that it might seem meic ban -splitting to 
describe the one as a plant and the other as an animal 
Ncvci thcless, it is proper and uselul to distinguish 
them in this mannei , toi, it is possible to imagine 
that, bv 0. long sciies of changes, all of the natine ol so 
many adjustments to the moie adequate winning ol law 
material fiom water or from land, 01 to the more efficient 
clal:)Oiation of plastic fuod-substanccs horn this law 
matciial, the higher plants, even the highest llowenng 
plants, have been derived liom a Chlamydomonas-likc 
ancGStoi So iL is concenable, also, that all animals have 
been denved fiom some low'ly lorm not fai removed fiom 
Euglena viridis W'hat then is the essentially plant-like 
character ol Chlamydomonas, and wdiat the essentially 
animal-like character of Euglena'^ Chlam) domonas en- 
closes its protoplast withm a definite wall of cellulose 
Euglcna has a sac 01 gullet open to the outside Hence 
Euglcna can engulf solid particles, digest them, and so 
obtain plastic foocl-substanccs Chlamydomonas dcbais 
Itself fiom all solid tood supplies, loi onlv substances in 
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ihoLigh, since it ib of cc'llulose and since animal piotoplasts 
ha\ e no cclliilusc ualL, it i^ sometime^ said that the 
( ells ol plants aie chaiactciised b\ celUilose walls, and 
those of animals by the absence thcicol E\'jdently this 
is ti Lie , blit e\idently also the wall is the thing, the 
chemical natuic ot the wall is a matter ol less impnitance 

WT* may summai iso the w hole diHeicnce betw'een ChlamN'- 
domonas and Eiiglena thus Eiiglena would, il it could 
swallow it, Iced on C hlaniydomunas , C hlam\ domonas can- 
not swallow, and, theicloie, cannot teed upon EugU na, 
nc'ii on an}' olhci iindissolv ed substance For ‘"Euglena” 
w 1 lie “ animals,” and lor ‘‘ Chlam} domonas ” w i ite “ plants,” 
and the statement holds good Animals leed on plants, 
jdants cannot Iced on animals unless, as happens in the 
c asc‘ ol ccitam paiasiLes, a plant gets access to the soluble 
substances ci^niaincd in the body ot an animal 

Oiir e\cuision into the w'Oi Id ol micioscopic plants and 
animals has brim ol use, not onlv^ in piesenting uui 
immediate pioblems to us moie definitely, but also nn 
enabling us to take a moie comptehensi\ e \ icw' ol the plant 
and animal kingdoms 

\\T iclLiin now to the woik ol flow-ering plants, and 
piocced to cncjuiic into the natiiie and mode ol absoiption 
ol tlic law matcnals ol their tood 

It IS a significant fact that plants in general live, as 
It wxic, in ""two worlds Onc-hall ol the plant leads a 
subteiiancan Iile, the other halt an aciial lile It is notc- 
w'oitliy, also, that the undeigiound root-system dilleis 
markedly in loim and aspect from the aho\c-g round shoot- 
s S' stem 

69 A c'aicliil examination ol a young plant, eg 
SLinllowcr 01 bean, etc , dug up horn the soil or tuincd 
out iiom its pot, or, bettei, laisecl for the puipose in a 
boK oL coco-fihie or sawdust (Appendix B), show's us that, 
w'hctcas the gieon shoot-ss'stem consists ol a mam axis 
bcni ing tw'O kinds ot lateral menibcis, namely, lateial 
axes (blanches) and leaves, the colourless, or non-gioen, 
root-system consists of a mam axis (lap-ioot) beanng 
lateral mcmbeis (lateral roots) ol one kind only Moie- 
over, an examination ol the lateial membeis ol the root and 
shoot show's that they dillci liom one another wuth respect 
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to origin, structure, and beha\ loui Note, foi example, 
earh lateral shoot begins as a bud standing in the axil 
leal (see p i8), that these axillaiv buds arise as sc 
what supeificial outgiowths liom the main axis, that ( 
main and latcial shoot-axis terminates m a IducI , 
that such a bud may dc\ elope into (‘itlici leal-bcainu 
flow er-beai mg bianehes, now observe that the lateral o 
do not aiise trom buds, but push themselves out fiom 
deep-lying tissues ol the mam lOOt, and that, instcai 
teimmatmg m a btid, each lateial toot, like the main-i 
has over its tip a thin, brownish, thimble-like covei 
called a lOot-cap, nor aie flowers borne on the lOOt. 

70 Beside obseivmg these morphological diHciei 
between the membcis ol the root- and shoot-svste 
we piove by the simple expeiiment ol turning a 
plant on its side and leaving it m a horizontal posi 
for seveial days that lemaikable physiological diHerei 
also exist betw'een them VVheieas, in consequence 
this change of position, the mam stem or ascending 
CLirv^es till its young tip points once again vci tically iipw 
the mam loot (the descending axis) ciiives m precisely 
opposite manner till its tip points vertically downwaid 

Whilst drawing the specimen, we note, also, that 
lateral members of root- and shoot-systems exhibit cl 
actei istically different cun^atures as the lesultof thischa 
ol position 

When we study the curvatures of root and sIk 
we lecognise that they seive to bung the loot i 
the soil and the shoot into the air If we obseive 
animal making similaily purposeful movements, foi 
stance, a worm thrusting its head out of its buirow, 
say that the mov'ements aic instinctive Now, in pi 
ol fact, certain fixed animals pei form mov'cments 
response to change of position, quite like those of’ 
toot and shoot of out plant Hence there is every rea 
lor us to tcgaid the upwaid and downward bendinp 
shoot and toot lespectively as examples of nervous acti 

0 the same order as those which m animals arc spo 

01 as instinctive Like instinctive actions m general tl 
root- and shoot-curvatures serve evidently to secure 
well-being of the organism The WTll-beino* of the ph 



THE WORK OF THE ROOT 


S7 


liicn, IS secured by the penetration ol the root into the soil 
and by the cxposuic of the slioot to the an In otliei 
words, the shoot has woik to do which can best be dune 
m the air, the toot has woik to do which it can peiloim 
best in the soil. 

Thtis we come to ask, what is the i:iatuic ol the woik 
performed by the root-system^ The most commonplace 
obsei v^ations suRice to con\ince us that the root-system ol 
a pliant seives to it firml\ in the soil The tree icsisis 
all but the most violent huiricanes, the place on the wall 
w'here last year’s ivy gicw is marked by the temnins ol 
the loots, which broke lather than rela\ their hold when 
the ivy was loin aw'ay , the delicate lOot ot the tender 
seedling is held so firmly m the soil that the pull of the 
shoot extricating itself Irom the seed does not distuib it 
must discover by w^hat peculiar mode ot giowth the 
loot, though elongating all the while, maintains its hold 
upon the earth, and so serves as a support to the 
plant. 

71 . To this end we choose several geimmating bean 
seeds, the roots ol which aie about 1-1} inches long The 
seeds for the experiment may be germinated tithei in moist 
air, Ol , since roots often fail to giow straight in 
air, in boxes ol moistened coco-fibre 01 of saw^dust 
Di y with blotting-paper the suilaceof a straight lOot about 
i-i]; inches long, and, by means ol the method given in 
Appendix B, make a series of 10-12 india-mk marks 
at distances of about i mm from one another, starting 
from the lip of the root Lay a millimetre scale beside 
the root, measure, and lecord the distances between the 
consecutive marks Pin the seedling m moist air, or, 
when tlie ink is di)', replant it in a seedling “ obsers ation- 
bo\ ” (Appendix B) in moist coco-hbie or saw'dust, wuth 
its loot veitically dovvnwaid and so ncai to the glass lace 
as to be visible from the outside of the box Measuie, 
at interv^als of twelve or twenty-four hours, the amount of 
elongation of the several marked zones Tabulate the 
resutts and plot them in the foim of a curve Determine 
that the elongating region begins about i mm behind the 
root apex, extends over a very short section (10-20 mm ), 
and ends near that part of the root where the root- 



ss 


PLANT PHYSIOLOGY 


hairs l}egin. Note also that, lutlhci back, the loot, the 
Jt lias ceased to giow in lengtli, inci eases in thiekn 
IMeasiiie the distance iiom the ape\ ol the icgioi 
ma\imal elongation 

72 ’ Cut longitudinal scclions tliiough the loot-tip 
thiOLigh the i(‘gion ol gieatesL elongation note (il nc 
saiy staining with iodine) that the cells ol the loimei le^ 
are smrdi, and that the piolopiasm occupies the w hole ol 
cell, that the cells of the latter are laigc, that the pi 
plasm lorms a la\'er against the cell-\\'all, and that it l 
encloses a large space (vacuole) containing liquid (cl p 
Pjg 20) Obset\e that, when tieated with iodine, 
piotoplasm, which is killed bs the leagent, contiacts a 
iiom the wall, and, staining yellou 01 3'eIlo\\ -bi own, 
comes rcadil} tecognisablc The e\ticmc tip just bciu 
the root cap, composed ot small cells with much pi 
plasm, constitutes the foimatne 1 eg ion, 1 c the let 
uheie the piotoplasts aie iindet going division, and \ 
forming new protoplasts Behind the small foima 
region (ot about r mm ) is the 1 eg ion ol elongn 
(some 20 mm in length), and in tins Tcgion, whcie^sc 
cell-division also occurs, the incicase in length of 
whole root js ellected bv that of the constituent c< 
Wq can now iindei stand how, from the veiy stail, 
giowth ol the root makes loi the sU'admess ol tlie p 
and secures its fixation The old part ol the root— the [ 
in connection with the stem — haxing ceased to elongate 
wedged, as in a vice, in the soil Noi docs the tip dong 
The giowth m length of the region bcliind the Lip les 
in a pressure which, since the apical icgion is ficc to me 
drives the tip through the soil, the shoitncss of the cl 
gating legion senes to pie\ent that legion, m the even 
the tip meeting with consideiablc resistance, fiom be 
itself bent Each dav, a section ceases to elongate 
each day, a newly foimcd region just behind tlic giowi 
point begins to increase in length Somewdiat m the \ 
that a worm, fixed by its tail-cnd, pushes, by the elongnl 
ot Its body, Its head from a bunow, a root pushes its 
through the soil 

73 By the use of a seedling obscM vation-box, on 
g-lass front ot which w'e tiacc each day the outline of 
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roou, wc* lollow the roiiisc ol elongrition oi the main and 
Litcial roots ol a bean 01 pea seedling 

W'c leain liom thcbC obseivations that each lOoL consists 
ol the lollow leeions a lutmati\e legion (giuwnng- 
point) covcied by the loot Lap, a icgion ol elongation, a 
1 eg ion ol thickening, the lower pait ol which constitutes 
the looL-haii teg ion 

74 In 01 del to compaie the mode of elongation of the 
shoot with that ol the rout, maik the ^oLing shoot ol a 
seedhner bean 01 pea, tiom base to apc\", w itli a series ol 
iiuha-ink marks about 8 mm distant liom one another 
Ihoceodino as in the case of the lOOt, determine the 
nniOLint and disti ibiition ol the giowth ol the marked shoot 
Wo thus diSLOxei that the growing icgion of the shoot is 
CIS cvtcnsivc as that of the root is limited that, m the 
y^oLing stem, parts lai distant horn the apex, as well as 
paits near it, aic m acti\e elongation that tlie paits 
wdiich elongate most rapicllv aie situated betv^ccn the 
nodes, / c the places ol inscition ol tlie lea\es, and that 
t held 01 e these intci nodal legions come each to be ol 
considcuable length The stem in r 1 ea\ing the thin an 
cncoLinteis but slight lesistancc, and is theicloie under 
no necessity, as is the lOOt, to conceiUiatc its elongating 
1 eg ion 

The significance of the loot-cap nnw' becomes evident 
Hehincl it, lies the delicate gi ow ing-point, m liont, 
nre giains ol sand, small stones and othei hard sub- 
stances ol the soil which the tip is bound to encounter As 
a thimble piotects the fingei, so the lOOt-cap piotects the 
gi ow ing-poinl ol the toot It can be showm, morco\ci, by 
simple expel iment that the root-tip has another and moic 
siibile means ol piotecting itsell Irom mechanical injuiy 

75 Plant bean seeds in a seedling obsci vation-box 
containing, beside coco-fibic, a la\ci of small stones on 
the top of wdiicb moie coco-hbic, in which the seeds arc 
planted, IS laid and picsscd down Follow/ the bchaMOiir 
ol tlic loots when they come to the layer ol pebbles Note 
that, when ohstiucled, the loot ciiives m such a w'ay that 
llie \ \p IS fiisl moved away finm the obstiuction, and then, 
In ought again into the \citical position, lesumes its 
dowmvv/aid pi ogress. Determine that the curvatuic in 
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response to contact and tliat uliicb lesulls in the icsi 
tion ol the \citical position, take place, nut at tlu 
itscll, but in tlie rci^ion ol elongation Some ot 
plants laised loi the pin pose ol the al30\e c\p(Min 
may be allowed to giow on, in oidei that the otigm 
order o( desclopment ot the lateial roots may be obsei 
As ahead) indicated, the latcial roots aie identical in si 
tiirc with the mam lOOt, and giow in piecisel) the t 
manner Thus eacli lateial root, wedged like tlic i 
loot fnml^ in the sod, contnbutes to the hrm hold wdiicl 
w'hole loot-svstem has on the sod 

76 Onion or hyacinth bulbs, staitcd into growt 
hyacinth g-lasses, oi similar \Lssels hlied with w^atci, 
\ncle objects lor the stud)’ and the development ol ano 
t)pcol iool-s)stem Obsetve that a numbci ol indepen 
loots which, since they aiisc on the bulbous stem (ai 
base), ate called adventitious loots, make their appeal 
and glow' all at about the same rate Examine the t 
systems ol sev'eral Dicot^edons and Monocol) ledons 
refer them to the bean type (tap root-s)stcm, cf hhg 
or to the onion oi lily type (adventitious root-s)’slem, 
19) Note also cases (c q sunllow^ci) in w'hich the tap 
soon ceases to grow', its place being taken b) numci 
tine, lateial lOots (fibtous toots) Obsei \'c that pi 
wnih a tap loot aie dccp-iooting (mallow, etc), tl 
with the adventitious types of root nie more sui 1 
rooting- Note the cuiious br'havioiii ol the toots of vai 
rosette plants (dandelion and jdanlam), w'liich, allei p 
traling the soil to a ceitain depth, shot ten so much a 
throw the outer tissues of their older parts into Itansv 
folds, and obsei v'e that, as a consequence, the rosett 
leaves and the epicot\l aic dragged down close to 
gtound Note, on a lawm, how the plantain and the dai 
lion, by this t ooL-conti action, pi css down the grass in 1 
neighboiii hood, and so secure space and light for th 
selves 

77 Dig up a dandelion plant Cut its mots 
lengths plant the pieces of lOOt in moist, sifted ‘ 
Observe that, after some weeks, eacli loot has develo 
info a plant Follow the process bv w'hich this comes ab« 
Note that the w^oimded, cut surfaces are made smooth 
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healed by tlic formation ot tissue, called callus oi wound- 
tissue, that, latci, loots cle\cIopc trum the new tissue ol 
the lower end, and that buds, which aic called ad\ entitious 
buds, de\^elopL lioni the new tissue ol the uppci end Wc 
conclude, theieloic, that the morphological ‘points” 
(p 85), which distinguish loots liom shoots, c g that the 
root does not heai buds, aie the c\piession ot general, but 
not ol iirc\'ocablv li\ed habits on th(‘ pait ol these mem- 
heis \Vc note, in conlii mation, that mtUi) tiecs, c 
elm, ma> thiow up sucUers hum injuicd plates on then 
moi e supci Picial toots 

78 In 01 del to study fuithci the piocess ol healing oi 
wounds and the foi mation ol ad\ entitious toots Iiom callus- 
tissue, cuttings ol geiamum, wallow, lose, etc , sliould be 
made, planted, and examined in then difleient stages of 
g-iowth mount a tvpical senes of such cuttings, and add 
them to the museum OIdscmc and recoid the healing 
of w’ounds made when laigc bianchcs aie lopped liom 
trees II possible, obtain a senes of photogiaphs ol 
such w'Oiinds and ol the appeal ances they piesent in the 
slow com sc of then healing put the date and other details 
on the photogiaphs, mount them, and add them to the 
museum 

Ha\ ing studied the fixing function of the root- 
s)'stem, w'e must next dnect oui attention to an even moie 
lundamental pait ol its woik, that ol absoibing substances 
from the soil From genet al knowledge oi plants and 
gaidcns, such as the willing and d) ing of plants in penods 
ol di ought, and fiom the laigc pciccntagc ol w'atci con- 
tained in plant-tissues (sec Exp 5), wc aio l)Ouncl to inler 
that a plant absoibs w'ater liom tlic soil Wc shall ha\'e 
an opportumCy laler (Chapter ix ) of determining the 
quantities of w'ater taken up by the mots, and wull nov\ 
confine ouisehes to enquiring how' the absorption of winter 
is effected 

When glowing h}arinth or tulip bulbs in water in 
hyacinth glasses lor the puipose of Exp 76, it may have 
happened that, owing to neglect m keeping the glasses 
quite full of winter, the latcr-formcd roots found themselves 
compelled to grow some distance thiough the air before 
rcaelung the vcalet If such was the case, it may ha\ c 
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brea noticed that, whcicas tlie sui tacos of the lOots wliirli 
w'oie sLibmcigcd liom tlie fiibt aic quite smooth, tliobo nl 
the loots which glow thioiigh the an arc co\eiod with 
fine, w'hite loot-hnns 

In Older to obtain rnalctial tni the stud}' ol tins 
plienomcnon, we gciminatc oat nr bean seeds, some witli 
tlieii roots in watei, otheis with tlieii mots m moist an 

79 " Make transverse sections acioss the beginning ol 
tlie root-hair icgiun ol a lOot growing in an, mount in 
winter, and c\'aminc undei the mK'ioscope Obsoixe, with 
low' and high powiTs, tlic loot-liaiis in all stages ol dew clop- 
men t Put the picpaiations aside and make othcis 
through the cm lesponding i eg ions ol a lOot giowm in 
w'atci w'hicli piescnts to the naked C}C no sign of lool-haiis 
Dclcimine, by micioscopic e\ammaLion ol the sections, 
that shglu, dome-shaped outgrowths fiom the superficial 
cells occur, and that Ihc}' aic identical w'lth those on the 
youngest part ol the lOot-hair region ol the looL giown in 
moist an 

80 Germinate tw'O lots of maize ot oat giains, one, 
so that the young roots are in moist an , the othei , so that 
they are in moist sand oi sawdust Contrast the develop- 
ment of the root-haiis in the two cases If, now, we 
assume that the plant possesses a certain powder ol icgii- 
lating the dc\elopment ot its oigans in accordance with 
external conditions, we aic led to inlei fiom these facts 
that the root m w'ater oi thoioughly wet soil, being able 
to carry on its woi k without thciT help, docs not put ilsell 
to the trouble of foimirig loot-haiis Since, how'cvcr, 
countless gcnciations of plants have icquircd rooL-hairs 
and have lormed them, these plants — like land-plants in 
general — have acquiicd the fixed habit ol producing loot- 
hairs Hence a h3acinlh or bean lOot in water is, as it 
w'ere, the subject ol dnidcd counsel The ingrained habit 
urges the loimation of root-hairs They begin to lorm 
The presence ol much wxatei i endet s root-haii s uimccessaiy 
They ccasc to dc\ elope Wv may suppose that the lorma- 
tion ot the incipient root-hairs is due to habit, but that 
the root, befoic it obe\s the dictates of habit, lequiics a 
special stimulus, perhaps, in this case, a slight diving ol 
Its suilacc In w'atei, Lius stimulus is lacking, and" the 
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root-hairb ne\ci get beyond the rudimcntaty stage The 
bodies ol plants and ul animals contain man\ ludimeiitary 
stiLictuies the raly\ ol the llovvers ol the daisy lamilv is 
olten lepi evented bv meic han-Jike sLiuctiiies whales and 
various snakes ha\e hind limbs which ate ridiculously small, 
and are ne\ei used oui ears have sets ol muscles which 
do not woik the vcimiform appendix, the tudimenl of an 
accessory stomach, is a nuisance The hypothesis just 
suggested to account loi the iudimentai\ loot-hansol the 
w^atei -roots of hyacinths helps us, w'hen applied to these 
cases, to loim some idea wdiy ludimenlary organs may 
outlive then uses The habit ol laving them dowm belongs 
to the race the business of then furthet development, to 
the individual This further de\'eIopmcnt depends on some 
precise stimulus either liom without or liom wnthin In 
the absence, moie or less complete, of this stimulus, the 
oigan temains ludimentaiy 

Our obseixations on the piesence oi absence of bans 
on the hyacinth loots lead us to conjecture confidently 
tliat the loot-hans aie oigans which scive to secure the 
absorption of ample supplies ol water We aiguc thus 
roots giown in water ha\c access to plentilul supplies, 
roots in moist air to but mcagte supplies ol w^atci II 
the special business ol the loot-haiis is to secuic an 
adequate amount ol watra , then, in the case of watei- 
loots, rooL-haiis will have but little to do, but in the case ul 
an -roots, their water-absoi bing capacities wmH be evciciscd 
to their lull extent 

81 We test this hypothesis bv an examination ol the i oots 
of vaiiOLis wMler-plants, and discoxxn that, in the laige 
majoiity, e g w^atei butteicup (Ranunculus aquatilis, etc ), 
loot-liaiis are absent though, in the case ol some aquatic 
plants, such as the liog-bit (Hydruchaiis Moi sus-ranac), 
loot-hans aie produced in laigc numbers (The aquatic 
plants collected for this puipose may be examined also 
WMth icspcct to then shoot- and i oot-SN stems, which should 
be compared with thosi' ol land-plants, and, wnth examples 
ol the latter, diied and picscived in tlie museum, togethei 
with notes ol their se\cial chaiactcis ) 

We may take it, then, as probable that the function of 
loot-haiis IS to secure a plentiful supply of water foi the 
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plant, that, wIk'ii the lOot InuU ils( !l in umu i oi u<i 
the luot-haiis aie not ic.c|imetl, <incl in.i\ imimim i udii 
Lai \ , but, u In n tin looL is in nulinai \ soil, in u hu li I 
IS no c\( css ol inoisLuic, lool-liaiis cUxtlopt aiul pla\ 
miportant pait in tlic uoik ol u al(‘i -ahsoi pi ion 

A nakccl-c\c c\amination ol lOOl-liaiis sliIIk'cs 
show that they aic csLuin<f\ (k he ate slim Inns 
nucioscupic e\amination eonliiins ihis I low (kli 
they aic \yc clemonstiate I)y pulimt; lij) and (‘\po 
seveial ol the oaL or mai/e seedlings (ol h \p 
to the cliy an ol a looni We obsei \ i Ih.il llu i 
bans soon sliiivcl and die lien in lii's tin < \jd. 
Lion ol lIk Kiison why i^aideiUMs, w Iumi lianspl.ni 
seedlings, and ind< ed any at li\ el\ -e;i ow int; planis, 
caiclul to pciloiin Ihe opetalion (|ii]( kh , and to Ii a\ 
ball ol cai 1 li at tat hc‘d to lli(‘ i ool loi , ol lu i wise , l hi i 
Jiaii s aic injiii ed and the plani sullei s ow inti d* ds in.ihi 
till a new' ciop ol i oot-liaii s is loinii^d, lo obtain .idif|i 
supplies ol wMtei We i an undi i sl.ind, also, w li\ i ullii 
wdijch ha\e, ol couise, no spi'i lal id)soib(nt oiL;ans, I 
to be planted jn moist sod and j)ioliilid lioni Ins'- 
watCL 

82 The mai/c and Otit seedlings ol l‘.\p *So si 
to show' that loot-h^iiis aii' not onh deliiali, 
cphemfual stuietuies by makini^ ski it his lo s 
of the loots daily, and indu.itini; in tlu* ski h hi s 
lOOt-haiL icgion, w'e distox'ei that, although <la\ allu 
the extent ol the loot-Jian legion m mains laiib i oust, 
this IS due, not to the pcinitinenee ol llu indn idual n 
bans, but to the loiirititinn of luw' Jiiiiis, jiisl hi hind 
elongating icgion, to take the place ol tliosi whiili, 
the side distant fiom that legion, aic shiiM lling and iIm 
E ach day, the root-bans in the oldii p.ii t ol llu lool- 
region wnthei, and, each day, othiis aie loinud in 
younger pait of that icgion li, theiefoic, wi diliin 
the Lime that the lOOt Lakes to mciease ils lenglh by 
amount ccpuil to that of tlic iool-h«iii iigion, \\v li 
dctci mined also the aveiagc length ol hie ol a i ool-li 
By measLiicmcnls ol this kind wc disi ovim thal llu^ lift 
a root-han is gcncially a matu i of a ckiy oi (w'o S 
the loot ol a plant bcai s loot-liaiis througlioiit its 
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iL lollows that, cluiiiig tliat peiiod, countless numbeis of 
loofc-haiis aijse, do Ihcir work, and die 

"I he c\ idencc which \vc base l)i ought together in suppoit 
of the water-absorbing 1 unction ol the lOot-haiis, tliough 
strong, IS not diiect \\"e ha\e now to attempt to pio\e 
dc'hnitel}^ that a loot-hau cell possesses the power ot 
ahsoibmg watei, and, il w'c succeed in this, w'e shall 
Iia\X‘ to enqiinc how^ the absorption ol w'ater is cHected 
Oui enqiiii}' wnll necessitate the examination ol i ('>ot“haii s, 
and also other cellulai elements of plants, and will give 
us inloimation which wnll be ot seivice to the uncleistand- 
ing^ not only ol the mode of w ater-absoi ption b> root-hairs, 
but also ol many othei phenomena exhibited by plants — as, 
loi c\f\mplc, the method ol grnw/th of cells, the oiigin of 
the piessLiie e\ei ted bv lOots in penetiating rigid soils, 
the means by which delicate seedlings hold themselves 
upi ight, and so on 

83 ' We begin this work by making a moic thoiough 
examination ol piepaiations ol loot-hairs (see Exp 79*’) 
Dn examining them I'ninoscopically, w'e obseivx" that the 
fust sign of tlic lOOt-hairs is a slight laising up 01 pio- 
j(‘( tion ol the lice, outei wall ol a surlare cell ol the 
lool-haii legion \\T* iccognise that, sine(‘ tlie cellulose 
wall ol a cell is dead, the lounded piojection must be due 
to picsSLite horn wntbm This piessuic continuing, the 
('cll-vvall bulges outvv'ard till it loi ms a linger-hke projection 
T>3' ti eating piepaiations with iodine solution, we find 
that, as in all othci piotoplasts, lliat vvdiich constituti s 
the lOot-hair cell consists of a mass ol piotoplasm In 
the vciy voting cell, the piotoplasm fotms a moie 01 less 
dcMi'-.e mass, taking up piacticallv the whole ol the space 
oci iipicd by the cell, but, m the oklci lOot-hair cell, the 
piotoplasm, uni ecogmsablc, peihaps, beloie the addition 
ol the iodine solution, is seen, after its action, to foim, 
and, indeed, to be confined to, a thin Ia>ci just beneath 
the cellulose w’all Within this piotoplasmic la} er is a 
('Icai space or v^acuole occupied by a v\'aLei3^ fluid, the 
cell-sap (sec Fig 20) As the action ol the iodine con- 
tinues, this layer, 01 film of piotoplasm stains blown and 
conliacts away (lom the wall 

84 ' In the next place, in Older to satisfy ourselves that 
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stiiirLutcs like root-hair cells nic able to absoib wal' 
pull oH some of llic \ lolet Iiaus which ot'cm on ih 
meiUs of the stamens ol Ti aclcscaiilia mi ■ 

this mateiial, v\c make sections paiallel (o tht sui I 
the Ica\es ol Pumula sinensis (01 cioss sections ol L 
stcMii o( this plant) . sm face sections of the petals ol eo 
lluwGis or, il nothing bettci is obtain. ible, we ns 
sections ol beetroot Oui object in choosinjj; such c 
IS to obtain cells which aie similai in stiuctuie to io( 
cells, but in whicli the cell-sap is coloured, and hence 1 
leeoonisable Examine miciosLopieally and chaw Ih 
pai ation obsei \ c the cell-wall .iiul v acuole \s ilh its co 
sap and note that no piotoplasm is to be sc‘c 11 No 
in iincler the covei-glass a 5-10% solution ol lommoi 
01 a 3-5 solution ol potassium nitiate (Appendix A) 
that, as the salt solution passes into the cell, the (O 
sap ol the vacuole contiacts away liom t!i(‘ wall .md 
to occup> a smaller space than beloie Since the v 
contains fiiiid, and since lluids arc meompressihlt , it I 
that the addition of the salt solution has c'aused so 
the liquid of the ccll-sap to pass out fiom the va 
But the space winch now exists between the eell-wri 
the colouicd blob of ccll-sap is colouilcss, a fac'l wine 
calcs that none of the dissolved jn^mciU to which ll 
ou'es Its coloiii has escaped I lom tin \ ai iioie B\ (o 
mg the ajDpeaiance ol the cell in uatci with tl 
tlie cell acted on by salt solutions of iiuitasinn sii 
(Fig 20), wc aie led to the ca)ncdusions (i) Ih. 
vacuole is sui rounded by a membiaiu^ thiougli wlm h 
ma> pass, but Lhiough which the* dissoUc'd jn 
docs not pass (2) That, m the inlac't txdl, tlic nu‘n 
IS picssed close against the cellulose* wall, in 
position, owing to its thinness and ti anspai eiu'v, 1 
be invisible Wc tieat tlic sections m salt si^liilioi 
iodine solution, and obsei vc that Ihe layt'i m question 
the yellow -blown leaction chai aetCM istic of f)iolo| 
As llie action of the lodmc conlmii(‘s, obsiici* t!i 
pi oLopIasmic la\ei, now killed, sh links a wav liom Ih 
wall, and, becoming disoi ganisod, allow's ibe (onu 
the vacuole to escape Wc may note, also, the cl 
Stained nucleus lying cithci in the protoplasmic men 
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or slung- in'bndlcs of piotopIasiTl^'c 
lium one pai t ol the membiane 
85 * ^I£lkc another miciobcope"^ 
ot Ti adescariLia, etc , tun in dilute Scu 
the coloured sap is still enclosed in the pi^. 
the cell, add a diop oi two of watei to one^g'T’'’^ tTie 
co\er glass, and, by means of blotting-paper placed at the 
other edge, withdraw the salt solution so that the cell is 
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again in water Note that the vacuole inci eases in size 
till once again its outline comes to he close against the 
cell-wall VV^’e thus leain that, when the salt solution is 
icplaccd by water, the latter substance passes through the 
j-nembranc of protoplasm (or plasmatic membianc as it is 
called) to the vacuole Thus, the \olLime of the cell-sap 
inci eases and, as a consequence, the membiane is stretched 
till It comes to lie close against the cellulose ftamework of 
the cell VVe infer that, just as salt solution withdiaws 
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water fiom the vacuole, so something m the \ acuolc may 
cause walei to pass into it (lom tlic oiiLsicle 

ft (oHows liom these (acts tliat a \ei:;eLabIc c.e(I is an 
apparatus o{ a remaikable naluic, and that it consists ol 
a protoplasmic Ia\ci acioss which vvatci may pass, but 
acioss wdiich othci stibsLances, eg dissoKcd pigment of 
the ccll-sap contained in the ^MCLIole, may be unable to 
pass This layei is sti etc liable Hence il vvatci ]iasscs 
into the vacuole, the inci cased picssuie thus set up 
sti etches the protoplasmic mcmbianc till it is pushed 
fiimly against the cellulose wall Since also the cellulose 
cell-wall is stietchablc — though less so than the pioto- 
plasmic membiane — it moie watci passes into the vacuole 
the cell-wall itsell is sli etched and the cell becomes 
laiger (cl Fig 20, i and 2) II, whilst the ccll-wall is thus 
sti etched, the piotoplasm secietcs a new layei of cellulose 
on the inner suilacc of the old layci, and il Lins new layei 
IS sufficiently i igid to maintain the whole cell-wall m ils 
piesent position without the help ol tlie picssuic of the 
ccll-sap in the vacuole, then this distension ol the ueU by 
the lluid pressure ol the vacuole is made pcimaiicnl, 
and so, il now the protoplasmic membiane is caused to 
shiink away horn the wall, the latti'i, being moic iigid 
by reason of the new layci ol cellulose, docs not collnpse'^as 
much as befoic Theic has been, thcicloic, a pcimaiUMU 
mcieasc in size o( the eell • m othci vv^oids, the cell lias 
giown In the case ol the loul-haii cell, the sLiclchim. of 
the wall takes cHcct only at the dome-shaped piojerhon 
which, in consequence, comes to loim the tubuhii out- 
giowth chaiacteristic of the lool-haii 


A living cell, the vacuole of which js so full of sap 
as to press the plasmatic membiane close aoainsl the 
cellulose wall of the cell and to sti etch the laltei to 
us lull e\tent, is said to be tuiqicl, and is described as 
being in a sU^c of tuigidil) o. Luigor II walei is wilh- 

rMilT'-i' ■vacuole, as, loi example, by exposing Ihc 

cell to the action of salt solution, the ^oIlImc nl the ccll-san 
dec eases and the \ acuole becomes smallc The pi cviously 
btreehed piotoplasmic membiane iccoils, as a piece of 
stretched elastic lecoils ^^hen lolcascd, and so rondacts 
away from the cellulose wall A cell in Lhis condilioii is 
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said to be plasniolyscd, and the piocess b\ w'liich this 
coiidiLion IS leached is called plasmol\sis The tiiigid cell 
ii:iay be conipaied witli an inllated bicycle t\[C, and the 
lDlasmoI}sed cell with a dellatcd lyie As in the inllated 
lyic, the piessiirc ol the air in the innei tube distends its 
wall, presbcs it against that ol the outer tube, and sti etches 
tlie \sall ol that tube so that the t\'ie becomes rigid, so, 
in the turgid cell, the pressure ol the fluid in the vacuole 
St I etches Its wall (the plasmatic niembtane), and, piessing 
it against the ccll-w'all, stretches that wall so that the cell 
i^ccomes iigid and as a reduction of an -pi esstii e in the 
innei tube — due to escape of air — lesults in the tecoil of 
the innci tube, and a relaxation of tlie distended outer tube, 
with the icsLilt that the l^ic becomes flabb}', so a i eduction 
of fliiid-pressuie in the vacuole — due to loss of watei — 
results in the coiiti action of the pievioiisly sti etched plas- 
matic membiane, and consequently in a relaxation of the 
cell-wall, with the lesult that the cell loses its ugidity 
Consequent!}', il the elements of a cellular tissue are turgid, 
tine tissue has a ceitam iigidity, it they aie pIasmoI}sed, 
the tissue becomes flabby 

Since, foi reasons which will appear piesently, these 
matters ol tuig-idity and ol pIasmol3'sis ate ol fundamental 
impoitance, w'c will determine by expeuments on \arious 
pla nts that the facts we have learned fiom the study of 
cells wnth coloured sap hold good lor h\mg ^cgetabIc cells 
in geneial W^c note, for example, the supple stuidiness 
of delicate seedlings 

86 Lay one or two ctess seedlings on the table, and 
observe that, as they wnther, thc\' become flabby As the}’ 
dry, the cells lose w'atci and the piotoplasmic membianes 
cease to pi ess on the cellulose wtiIIs The walls aic too 
delicate ol themselves to form a sufficient scallolding or 
skeleton for the plant, and the seedling is too young* to have 
formed any suppoitmg mtcinal skeleton of w^oody tissue 
Hfence the w'hole plant becomes soft and droops Note the 
wilting of leaves of plants m div vveathet and infer the 
enuse 

87 Take tw'o bean seedlings, each with roots about 
12 A inches long , make on each an mdia-mk mark about 
2 ""inches from the tip. lecoid the exact distance hetw^een 
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mark and tip Plunge* one lOoL into a '"o and the o 
into a ro^o solution (d potassium nitiatc, Ie*a\e loi st \ 
liouis note whcthei the lOots ha\e bceome llabbv 
mcasuie the distance belueen the tip and ink maik in t 
case Refci the contiaetion to plasmolysis Plunge 
roots into oidinaiy Wtitei. Altei sonic houis, iemo\e 
measuie' them The lOOt which was pai Ludh [ilasiiio] 
in the 3 % solution has lecoveied Us iioiin.il length 
has become tuigid That subjected to lO/n has not 
covcied Plant both seedlings and deleimme that 
root ol the foimei giows, but that ot the lattei doe-'s m 
having hern killed by the stiongei salt solution 

88 Make an jndia-ink maik beyond the gi owing k 
of each ol two bean lOots ginu ing m moist an J)(. l( 1 1 
the latcs ol elongation of the lOots Plunge one lool 
4 Vo solution of potasbiLim nitiatc, the otlu‘r into w. 
Deteiminc that the tool in watei (.ontmius, and that in 
salt solution ceMSCS, to giow in lengtli li.inspost 
roots and obscive that the pailial [ilasrnolysis clue lo 
salt solution is sullicicnt to check giovvUb' thus jno’ 
that tuigor is a condition loi giowMh 

89 Cut two squaic chunk's ol jx'CliotU ol about (> 
sizes Wipe then sen faces Plunge oiu into lioi 
watei, the othei into cold walei Note* that (In 
escapes ftom the loimei and not iiom tlu* l.iltei tin* ( s< 
being due to the desti uction ol the [)i otoplasmic mem])! 
Hence determine the appiovimatc tcmpc'i atui e at w 
the cells of the beet aic killed 

90 Cut a cLiCLinibci m slues, thiow some' ol tlu si 
on a plate, and cov'Ci them with salt 4 iftei some ho 
compare their flabbiness with the iiatiual fiimness ol 
ti Gated slices Consiclei th(‘ mlliK'nee ol thus pkismoly 
a cucumber on its digcstibilit) 

91 Select seveial llowci -stalks of dandelions bt.ii 
open buds, remove the flowci-head and split a stalk K'n, 
wise into four sections note tluil the piec (‘s c ui I so that 
inner tissue is outside Cut the cm Is into nngs, th 
several into water, and note that the nngs i oil up in 
same sense as bcfoie The coiling m water is due tn 
fact that the cells of the oiigmally inmi suifan* al>^ 
WMtei, and so incieasc m volume, whcie^is those ol 
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oiiglnall}/ outei suilnce oi tlie stalk ahsoib no watei, oi 
little, do not stictch, and hence aie obliged, b^ the etch- 
ing ol the inner rows ul cells, to bend Make a model ot 
wiie and indiaiubbei tubing to illustiate tins bending 
Inasmuch as a tissue, w'hen turgid, is longei, owing to 
the slictching of the cell-w'alls, than when it is plasmol} sed, 
it lollovvs that we can measuie the amount ol presstiie 
necessaiy to produce this diltcrence ol length b^ hist 
plasmolvsmg a piece of a plant consisting mainl> ol cellular 
tissue and then dctei mining liow big a pull is necessan 
to stictch It to its original length 

92 A cowslip flowei-stalk senses well for this pinpose 
Two mdia-ink marks aie made at about tw'o inches distance 
Irom one another, the distance between tlic marks is 
measured accuiately, and the stalk is put into a strong solu- 
tion ol potassium nitiate (15%) W'hen the stem Jias be- 
come llabbv, tlie amount of conti action is determined bv 
lemeasuiing the distance betw^een tlie marks The stalk is 
then laid horizontally on a plate of cork 01 w^ood , one end, 
just beyond an ink mark, is lived sectiiely to the plate by 
means of pins 01 tbin nails, and to the other end, just 
bc\ond the other mailc, a stout thitad is tied, the thread is 
passed o\ci a simple pulley lived to the edgcol the table and 
attached to a scale pan taken fiom a chemical balance 
By placing a millimetie scale beside the stalk, and by adding 
wmights to the scale pan, determine the weight icquiicd 
to stictch the stalk to its original length To express 
the icsult more dehnitel), measure, eg by means ot a 
microscope provided wath a miciometei (Appendix A), 
the aiea of a cross-seclion of the stalk at the beginning 
of the experiment, and, ncglecling the fact that the stalk 
IS made up of a vast niimbei of cells, considei it as a 
single cell and argue thus — the pull on the end w'alls neces- 
sary to stietch the plasmol} sed stalk to its original lengtli 
is so much • but this oiiginal length of the turgid stalk \vas 
maintained by the piessme of the ccll-sap in the ^acuo^e 
therefore, the latter presstiie, causing' turgor, is equal to 
the mechamral pull clue to the weights on the scale pan 
since \vc know^ the aiea of the cross-sectiop we can express 
this presstiie in pounds pci square inch and since we 
know that the atmosphere exerts a pressure of about 22 lbs 
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to the square inch, ue can express the Lui goi -pi cssin c i 
iLinis ol atniospheiic piessuie, as equal to i, 2, 

4, 5, 01 moic atmospheies By means ot measiiicmcni 
made in tins and othei wass, it has been found that tli 
tut yoi -pi essui e in plant-tiSMics nia} be \ciy great indccc 
leaching as much tis to, 01, in some cases, e\ en 20 atmo‘ 
phcies It IS by leasnn of these gicat piessuics the 
lelativcly delicate plant-sti uctui es may, wlien the}' cm 
counter obstacles to then giowth, peiloim remnilsjbl 
I eats o( sticngtii thus they may cleave rocks or, like th 
thistles ol the Ameiican piaines, laisc up and bend iajh\n 
lines 

Our jn\ cstigation of the mode of absoipLion of watci b 
the looL-haii cell has caiiied us a long way iiom 011 
immediate subject , ne\ ci iheless, it has not been iiielevant 
Foi it IS ex'ident that, just as the paitialh plasmolysed ce^ 
ol Exp 8 ^^ absot bs water and i ecovci s its tin gidity, so ma 
a lOoL-hair cell absoib w'ater and become distended 1 
a cell neighboiiimo on a lOOt-haii cell has been losim 
w'utci, It may withdiaw winter horn the \'nciiole ol th« 
looi-haii cell just as the salt solution w ithcli aw s w atci hon 
the tuigid cell m Exp 84 ‘ Then the loot-haii cell, havinj 
lost w'aler to its neighbours, may take up liom the soi 
moie winter to make good that loss In this wny p 
obtained the laigc quantit}' ol walci absoi bed by the root 
and m this way also the watei, thus obtained, passes lion 
the lOot-haii cells into the wood-x csscis ol the lOot (Biblio 
giapliy, 5, 6) 
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when the stoppci is takc'n out of llic bottle iii winch i 
contained The lapid disseniii’ia tion ol the odoin is cloi 
h due to an cumcmUs wIikIi raiM tin' odoi ilei ous ^ 
stance but, c\(‘n i! tlic an ol the lofini was pciU 
still, ilie \ripoui joi\cn of! the scent would be distiibi 
graclunlly thiougliouL the space 

In oidei to account for the plienomenon of gnsc 
diffusion, and also loi othei phenonu'na exhibited b\ ga 
a theory — the kinetic theory of gases — has lu'cn pul 
'^ard, which suggests that, tlioiigli, in an_\ g<!s, tlreie 
no Msiblc mass mo\'emenls, nc\eilheless the iinis 
molecules arc in a state ol constant mu\(.menl Ajiph 
this tlicoi} to liquids, wc may suppose th.Ll, in a solii 
ol salt, the molecules ol salt aie mo\mg thiough I In' wc 
m all directions like those ol a gas hbciated in the 
though, owing to some (oim ol obstiuciion on the pai 
the w^atcT molecules, not so ficely Fiom this lrv])t)ih 
It should lollow^ that il a solution ol s<ilL is I31 ought 1 
contact with watei wathoiil shaking, the salt imAvn 
tiavcl gradually thioughoiit the watei till, ultimately t 
become uniloimly distiibuLcd in jt That tins .letu 
takes place, wc demonstiatc in the lollow'ing wmn 

93 A long cylindiical jar is hllcd wnili w.itei and si 
on a steady tabic By means ol a limncl (c ihi 
lunnel, see Appendix A) a sLiong soliilion ol a'eoloi, 
salt, c g bicIiiomaK' ol potassium is ponied into tire ^e 

so as to loim a distinct Ia^eral the bottom A wliiK n, 

pjinHr VV" ■' 

Tik •eciLhcd hy the polnssutni hic h.om 

thr nh k ^ ';;^asuiing the latc ol clilliisinn is opei 
the objections that chnngos of tcmpci ,itiiic scl no < 

ction run cuts iii the liquid, and Ih.il, unlrss I hr 1 



OSMOSIS AND OSMOTIC PRESSURE lo; 

small quantity ol tlnmol oi otiici antiseptic ( Xppenclix A), 
and also a tew diops ol plienolphthalein (Appendix A), 
a substance whicli undct^ujcs a maikcd coloiii chaiii^^e — 
fiom coloLiilcss to lose — when acted on by an alkali 
Pour the waim, liquid g-elatine caretiilly into a tall jni 
and, when it has set, inveit the jai ovei a dish con- 
taining a faiily stiong solution ol potash (KOH) or soda 



Fig 21 —Apparatus to illustratc DirrusioN oh Liquids 

A graduated gK'iS lu i i i i ' Li i li an indicator (pheuolphthalein) is 

inverted in a \esset (C) t ui jn i i j j lnii i i i i. r i li 

(NaOH), which give a strong alkaline leaction Determine 
the I ate of dillusion ol the alkali by tracing the ascent ol 
the rose colour Record the lesults The fact that the 
experiment lasts for weeks should not lead to neglect m 
the matter of recoidmg, for it is imporlant for us to learn 
that this liquid dihiision is a slow process The experi- 
ment demonstrates also that the gelatine does not prevent 
the diffusion ol water and potash 

We know from previous experiments (e g Exp 26) 
that a similar intermixing of water and sugar takes 
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place when Llicse substances aie sepaiaU‘cl lioin < 
anoLhei by a paichmeiU nieinbiane Noi is ilus v. 
ptisiiiQ il we suppose that clilfusion ol c;as(s oi 
liquids IS due to moleculai- and not U> in.iss-mox cinci 
Aithouoh sucli a paiclinicnt inembi.ine, wlun iis((i to ( 
tain wrUcr, does not leak, its subsl.iiut miisl lx* puliiMtl 
iiddled with a s}slem o( ulti amici oscojiK' spai ( s, too sii 
to allow the smallest chop oi ualei to pass, but am 
lai£^e enough to allow ot liec' iiio\(munl ol moli i uh s 
H ,0 Inasmuch as the molecules ol lluids an, «i(u)i(l 
to oLii assumption, like those of teases, jn (onst.ml mo 
m(‘nt, s<jme w alci -molei ules p<iss into llu' intei slats 
the membianc, and, an ivmc; at the oth(‘i sidi*, to 
in chemical contact with the su^^ai -mol(‘t iiles I Ik t 
that SLigai IS soluble m watci means that siii^ai- and wal 
molecules excicise some attiaclion on ont‘ anothm ' 
may conceive ol the sugai -rnoh'c uh* linkini^ willi tin* ual 
molecule and joining it in the mol<‘( ulai dam t ; Ihom 
being lieavy, the siigat-molec iih* will ( riusi* a slowing 
the latc ol movement I he mohx iil.n dniu'(‘ is ina 
Sugar and w'atei paitncis eaieei ip all duet lions, so 
back tluough the mtci slices o( i1k‘ jianlmunl rminliia 
some on ihiougli the siigai solution wSime tin im)le(ii 
movements aic unending, the lesiill is that, m ton 
ol lime, thcic aie as many siigai -moh t ul(‘s pt i nmi 
volume on one side of Llie mcmibiaiu as on the (»tii 
Looking at the final icsiill, we sav lhal siigai and w'a 
ha\e passed by osmosis each fiom om sidt- o( iIk mi 
bianc to the othci Evem after eqiiilihimm has lx 
leachcd, that is, wdicn the Iiqiiid on one side ol the im 
lu'ane contains pei unit volume as much sugai as (hat 
the other side, the moleculai moveuK'nts do not ita 
But, m these ciicumstanrcs, the numlnM of sugai -inok tm 
con\c)ed in a given time arioss the memlian(‘ in i 
diicction IS equal to the numbci wlmdi pass in lh(‘ oppew 
diiection Just so may the population of a towMi nm 
lemaikably constant though the townsmen ('onu* and g. 

In Older to study the phenomemon of osmosis im 
closely, wnth the object of Icainmg moie abfml {h(‘ nu 

of absoiption by the plant, wc make an osmotit' apnaia 
thus — ' ' 
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95 Cut ofl a length of about eight inches of parch- 
ment tube (Appendix B) If div, soak the parchment 
tube m water when thotoiighly wet, fix in one end a 
rubber coi k without holes and make the joint good by 
winding tightly lound the parchment tube many turns of 
stout silk thiead or florist’s buttonhole wiie Stand the 
tube upright, open end uppermost, in a pail or othei suit- 
able laigc vessel Make two holes in opposite sides ot the 
paichment on a level with the iim of the paii Pass a glass 
lod Ihiough the holes, and let the rod rest on the iim 
(Fig 11). Fill the outer vessel with water up to about 
two inches below the level of the glass rod, then fill the 
parchment tube nearly up to the level of the holes through 
which the glass rod passes Leave the appaiatus for a 
shoit time and observe whether any water has escaped 
from the tube If so, there is a hole m it, and the tube 
must be leplaced by anothei If it pro\es to be sound, 
empty the tube and cut away the pat t pierced by the holes 
thiuugh which the glass lod passed Choose a two- 
holcd lubbei coi k which just fits the tube Insert thiough 
one hole the tubular limb of a separating tunnel, seeing 
that iL makes a good joint Tluough tlie second hole 
m tlie coik, pass a glass tube about thiec feet long so 
that Its lowci end is (lush with the lowei surface ot the 
coik Stand the empty parchment tube in the vessel of 
watci, mscit tlie coik, and make good the junction between 
cuik and tube by many turns of silk thiead, supplemented, 
if necessary, bv \vax (Appendix A) Fix the glass tubes, 
or the longer one only, in a clamp, so that the lowei 
coik lests on the bottom of the outer vessel and the pairh- 
ment tube IS steadied (Fig 22) Prepate a stiong solution 
of SLigai coloui the sugar with a dye such as mcth\lene 
blue PoLii the colonied sugar solution into the separating 
funnel Open the stop-cock of the latter and run m the 
sugar solution till, the parcliment tube being lull, the liquid 
uses in the long glass tube to about lialf an inch above the 
level of the cork Close the stop-cock of the separating 
funnel Pour wmtei into the outer vessel to about the level 
of the top of the parchment tube II any sugar solution 
has been spilled into the outer vessel, translei the osmotic 
appaiatus bodily to another, similar vessel of clean w'ater 
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Thf appai.itus is Kiboiious tu make, but. is so instiue 
111 aelion tliat no tioublt slinuld be spaieci to get it set 
\n itiiprov cmeiU which enables us to use it again anrl at 
IS illustrated in Fig 22 Tire outei \essel, which sci 



Kig 22 —Apparatus to dcmonstratc Osmotic Prlssuki' 

V, parchment lube, Ri, Bn, rubbt r corks, I, ifusile funnel, C, glast, lu 
D, vessel cunt'tining w'lter , P, c\it tube , J, clamp , S, tc^le 

to contain the paichnient tube, consists ol an invci 
bell-jar with an open neck (Fig 22 D), and is siippoi 
on a strongs non ti ipod-stnncl 1 he low^ei end of 
parchment tube is closed by a lubbei roi k (Bn) wuth 
hole, into \vl'iich is fitted a slioit glass Lube, the uppci 
of which IS flush walh the upper sutlacc ol the coi k 
tube IS passed also through the liole in a lubbei coik wl 
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( loM ^ nt(Iv ()1 llir !>fll~j II lo iho Ik'c cmkI ol IIil' 

shoi t lulx (I')» ‘I piM t t)f iLihbci lubmi> is 

aLtaclKcl iincl t cl by iiu .ins ol .i i Limp (|) W'lun 
Lhc: Lippc‘1 coik (IM uitH its lumul aiul lon^ ^'■>1^^' 

has bc'i n insciUcl in lIk* uppci cmcl ol the paichnuMiL 
Lube, the bell-jui is lillecl wulli vvaUn and Llie uppaialus is 
leacly loi use 1 he lolouitd sui>ai soliiLion, Lo wlueh a 
[late ol an anliscplir mav b(‘ added, is pouied IhioLii^h 
Lhe kiniH'l and lh< .in lonlaiiud in the shoi I lubi I' is 
<‘\pelled !)V opt niiiL; llu i Limp | Allei tlie 4i[)pai aLUs h.is 
bec'ii used in llu‘ w.iy .iboiiL lo l)(‘ desi i ibed, the licpiid in 
the pateliinciU tube mav hc‘ withdiawn Lhioui^h the Lube I' 
and Lhe paiehmenL lub( relilltd with sii^ai oi oLhei solu- 
tion, the osmotic [jiopeiLics oi which iL is lerpmed to test 

An osmotK aj)p.iiatiis ol this kind, once liLtecI up, will 
last loi months il the* paic'hmcnt lube is not allowed to 
bc( ome eh > , .md in.i v be used loi \ ai ions in Lei csLin^ e\pei i- 
mcrUs in osmosis 

11 all tile joinis an i^ood .incl tlu* paithminL Lube intact, 
the lluicl begins lo iise almost at onee in the lonj^ 

Lube Fin: a pape i si ah behind the lone; tube and Lake 
I ime-i ccoi els ol tin In lethl to wdiieh the Iicjuid uses 
Vllea some time, it becomes nei'essaiy to add anothci 
l(‘nL;lh oi i^lass Lubinj^, wdiieh is c onncLted woLh the lon^ 
Lube by a shoi L piec ol lubbci lubmt; .ind siippoi Leel, c i; 
a/^.Linst the wall ol the i (n)m "I he, liCjuid continues to nse 
to a height ol many leel "1 hen, alLcu scmie Lime, it 
begins to fall and linally desc'ends tc'i Lhe lew el ol the liquid 
in Lhe outer vessel lUfoie this takes place, note that tlic 
dve has esc.ij)e‘d thiough the pai e hmemt-w all into thc' waLei 
outside, and piove h} the sugai test - 21 ) that sugai 

also has passed into [he ouLci vessel 

The use ol Lhe wmLci in tlie long glass Lube means that 
the volume ol hcjuul m ihc osmolie appai atus has inci cased, 
and hcncc that w.ilei lias p<issc(l thiough the paielimenl- 
wall Ihencloie, in lhe c'ouisc ol osmosis thei e is, as indeed 
w^e should e\pci L fiom our piewious studies, a mo\cmenL 
in both diieclions siigai and soluf)lc pigment pass fiom 
pnirhmcnL liil)e lo lhe‘ outer \(‘ssel, w^atci passes into tlie 
]ja[e''hmeiU lube Since, moieovci, the liquid uses in llic 
long Lube, the amount of vvatei wdiicli passes in is gi cater 
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lhaii I ho anioiint o( su£;ai which passes ouL \Vl nia}' 
lhal llu sLiLjai solution c\e'Kis(san osniuLic alLiiiL tion 
waUi, and that it sets uj) an osinolic picssiuc sulliLicn 
hokl u(5 tlu‘ hij^li cfdiinin ol \\<iici in the lon<:^ tube 

I>iit since, liom the moment the appai atus is set to \\< 
siii;<n I)et;ins to dilliise out into the sui i OLmdm <4 liqi 
and siiut', m llial siliiation, il sets up a countei-alli ae Li 
lending (o willidiaw walei (lom the pnichmenl Lube, 
appai at us is useless as an osmomclci, — that is, a- 
nuMsuiei ol the actual osmotic' piessuie excited by 
oiit;mal sunar solution It stives only to indicate t 
sill h pii'ssuic exists and ( *in hi' made to do woik, e u, 
lillinLi watei I hat the siiL;ai whii h i scapes into the oi 
\ ( SSI 1 doi s s('t up a pie ssLiK' U nclinj^ to lu uli.ilise tha 
till' paiihment liil)e wi* demonstiatc tlius — W'lu'ii 
IkhikI in till' Ioiil; tubi h<is k allied ii uitain heitthl 
has Ix'i omi Liiily stationaiy, si]:)hon oil that in the oi 
\'essel «md icplait* it by Wiitei Note that the hc|Liic 
till' loiii^ liihi' In ^ins ai>«im to .isrend 'I lu‘ lex c 1 pi evioi 
! ( ai hei 1 1 e|)i ( si'iili d llu iisultantol tlu osmotu ]U(ssi 
(xiiticl Ijy tlu su^ai solutions inside «uul outside 
jiaii hfiu'iit tube by it‘inovm <4 the sut>ai horn the oi 
\ i sM I, 1 he pi ( ssui e exe i ti el by that in thi tube is no Ion 
m jiail ( ounlei ai u el, .mcl so is abli to hold up a Ion 
( ohiinn nl \\ at (I 

96 I>V usiul; solutions, (' c; ol ( .iiu “Siu^a! and 
;^i a])( -suf^ai siu i t ssix ( ly, we may clemonsliati bv me 
ol OLii osmotii .ippaialus that tlie lales .it xvlm h ■ 
slam ('s m solution pass ihioui^h a paiihmt'nt me mbi 
deyx'ud, amon^^ olhei thinj^s, on then moieeulai xve'iL; 
I he mole'iuhii we i^^’ht ol laiu-sui^ai ,) is 

lhal ol f^lueeisc t li(‘i e'loi e , il we diss 

llu molii'uiai we lights ol (ane-su^ui .md ol ^lucosi 
i^i,iins,/e :^|2{4iamsol e<ine'-siii^ai and ibo^iamsol 
lose m eciiial volumes ol vvatei, s.iy looo c e , .mcl use 
ihi one' and thi'n tiu'othii solution in tlu p.neiimcnt t 
we liiul lhal the' he if^ht ol tlie wale i I'olumn supjioitee 
llu' e ant'-sut^ai sf)lulion is /:^i( atei than that supporte'd b' 
j^i ape'-simai h'oi the lu'.'ivie'i ('rm(‘-sut‘ai mole'c ules clif 
moit' slowly than tlie lii*htei moh'i'iiles ol f^lutfise He 
beloie the I.itle-i has h.id time' to L up its lull osn 
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picssiiic, much of iL lias diltiised into thr outer \csscT 
Similail)' it we hll the osmotic uppaiatus with a soIuti(')n 
of potassium nitiate ol coi responding stiength, ic one 
('onlaining the molecular wmght ol KNO, in grams, v'lz 
loi giams>, per looo cc ol water, we find that, owing to 
the liigh late ol diffusion ol potassium nitiate, the osmotie 
pie^sLiie which the solution sets up is \ery small indeed 
and h}' no means a tiuc mcasute ol that which it can ( \( 1 1 
W'e ha\c, how'e\ei,in plant-cells and tissues an appai atus 
lead} -made lot compaiing the osmotic piessui cs L\ei K d bs' 
diflcKMit substances For a vegetable cell is an osmotic 
appai atus stnUingly similar to that used m Exp 05 The 
osmotic substances dissolved in the cell-sap roi respond to 
tlic sugar Ol other solution m that appai atus, and the pi oto- 
plasmic mcmbiane (plasmatic membrane) ol the cell coiie- 
sponcls to the paichment membrane It a comph'tely 
Luigid v^egclable cell is placed m watei, it undeigoes no 
change in v'okime since the cell-wall is alteady stietehed to 
Its limit by the prcssui c of the cell-sap il, how ev'Ci , the cell 
IS not completely tuigid, watei is absoibed, and the volume 
ol llie cell IS mcieased — the osmotic picssuie I emg used 
to do the work ol sti etching the plasmatic miunhiane and 
ccU-wmII It such a cell is placi'd m a stiong salt solution, 
the osmotic piessuic ol the lattei causes water to pass out 
liom the vacuole, acioss the piotoplast and cell-wall The 
amount ol Huid in the vacuole being thus i educed, the 
picssuie on pi otoplasL and cell-wall tails ofl and the volume 
of the cell decieases As watei is withdiawn, the solution 
ol osmotic substances m the ccll-sap becomes moie con- 
centiatcd, and cons( queiUlv the osmotic picssuie ol the 
ccll-sap mcieases If the osmotic picssuic ol th(* salt 
solution used is greater than that of the concentrated sap, 
nioie w'atci is vvitlidiavvn liom the v'acuole, plasmolvsis 
sets m, and, }et mote water ()cing- withdtav\n, tli(‘ pioto- 
plast, shiunk away fiom the w^all, mav collapsi and 
become disorganised If, then, w'c place vegetable cells 
or tissues m salt solutions oi diHerent sticngths, wc 
find tliat, whereas, in stiong solutions, plasmolvsis is 
complete, and in vciv^ weak solutions it dues not occiii at 
all, there is one strength of solution which just suffices to 
produce the eaily stage of plasmolvsis and no more 

K r H 
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NO3, and if each oi these exercises osmotic pressuie, wc 
can form an idea of the reason why the osmotic piessuic 
exeited by a solution o[ KNOjOf known stiength is greater 
than we should have expected on the basis of the “law,” 
which we ha\c established for canc-siigai and glucose, 
that equi-molecular solutions of osmotic substances excit 
equal osmotic prcssuies It was by means of expeiimcnts 
such as these that the discov'eiy was made that the osmotic 
pressLiie of a substance is a piopeity ol its molecules in 
the same w^ay that w'cight, etc , arc pioperties ot the 
molecules These disco\eiies hav'c led to otheis of equal 
mteicst, and those in turn have seiv^ed as the basis for 
vaiioLis theoiies to account for the known facts Wc 
cannot, ho\\e\er, pursue tins part of our subject iurthei, 
but rcler students wdio wish to learn mnic about the 
physical aspect of osmotic piessurc to the larger text- 
i')ooks (Bibliogi aphy, ti) 

The compaiisun of a plant-cell with tlie osmotK' 
apparatus ol paichrnent tube (see p 113) fails in one 
\eiy impoitant particular For, whereas such substances 
as soluble pigments pass rcadil} across the paichmcnt- 
wall (sec Exp 84*), tlie soluble pigment in the ccll-sap 
icmains, in the partial!} plasmolysed cell, enclosed within 
the plasmatic membtane There must, thcrcloic, be an 
impoitant diffeience between paichrnent and piotoplasmic 
membianes The parchment mcmbiane is mdisci immately 
pcimeable to diflusible substances, such as walci, sugai , 
potassium nitrate, soluble pigments like methylene bhic, 
etc , but the pi otoplasrnic membrane is not The ioimcr 
kind of membtane is called a pctmeablc mcmbiane the 
latter kind, wdiich is peimcablc to w'ntci but not to all 
diffusible substances, is called a semi-pei mcablc membrane 
The importance to the plant of this propeit} ol semi- 
permcabilit) is very gicat indeed lor, weic the osmotic 
membrane of the plant-cell permeable, there w^ould be a 
constant osmotic leakage ol osmotic substances fiom the 
cells of the plant into tlic soil just as there is a constant 
osmotic leakage ol sugar fiom the osmotic nppaiatus ol 
Exp 95 

98 Instead of using cells w'lth coloured cell-sap, the 
curv^ed pieces of split dandelion stalk (Exp qt) may be 
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tniploMcJ III tlio abo\e experiment To use Lhrm, [iiocrr 
.1^ iellow^ — 

Split a dandelion stalk (unqitiidinailv into toui piece- 
(Lit the pieces into lengths (;1 alioiit an imb each, anc 
having- piepaied the senes ol solutions the osmotic pie- 
siiies^ot wliith aie to be dfteimintel, lia(f‘ on papei, b 
means ol a biush and iiulia-ink, the amoiinl ol eiii\atui 
of each piece ol stalk Thiow a pieec into eaeh ol th 
solutions, alter some minutes, take Lh( pK'e'es out, eh tei 
mine which ha\e cui ved moie, and whieh ha\e 1 k( oni 
sti aigbtei 

The solutions which ha\e eaused a sti aighlening ha\ 
done b^^ w itlidi aw mg w^alci fiom the cells ol the clanrlt 
lion Then osmotK pi essui es ai c, theirloie, gicaUn tha 
the osniotiL piessiiie ol the cell-sap ol the ceils ol lh(‘ slalK 

Those solutions in w'iiich the pieces ha\e eui\ed moi 
ha\e vicldecl WMtci to the cells, that is, tht‘ osmoiu jiitssui 
of these solutions is lovvei than that ol the (( 11-sap ol th 
dandelion cells Heni'e, by hncling a sokilion in whu 
pieces ol dandelion stalk letain their cL!i\atiiie um^hanott 
we find W'hat stiength ol solution is m osmotic balane 
With the cell-sap 

99 By using pieces of dandelion stalk in the same w\n 
w'e ma} compaie knowm stiengthsol dideient osmotic sul 
stances w-ith one anothei, wnth icspcct to then osmoti 
pi essui e 

It IS impoitant to demonstiatc that the piopcity c 
semi-pci mcabilit> rclcried to on p 115 is not con lined l 
living membianes 

100 Thus we may make a semi-pci meablc membrane 
called, because of its mode ot picparation, a pieeipitatio 
membrane, by causing solutions ol copper sulphate an 
potassium {eiroc\anide to mtciact The prec^ipiiate ( 
coppei lerrocyanide wdiich loims as the lesull ol this inlei 
action, IS not granulai, but skin-hke To piepaie it, pou 
a 3 ?o solution of potassium fciiocvanidc into a \vidi 
mouthed bottle fitted loosely with a coi k his: a g-ln‘‘ 
tube, di aw'ii out at one end to a fine point, in a hole in th 
coilv so that its fine end dips below the Ici 1 ocvanidc solutioi 
Having withdrawn and cleaned the tube, diaw a diop ( 
stiong copper sulphate solution into it, dose the tub 
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!:>> the finger, and fit the eoik attarhc'cl to it in the neck 
oi the bottle so tliat the fine end ul the tul^c ib \u^i 
below the Sul face ol the potassium tci ioe'\ Linide solution 
When the fingei is icmo\ed ftom the end ol the tube, tlu^ 
copper sulphate reacts with the tcrioe^anide to piodtiee a 
membrane, w Inch closes tlie fine end of the tube Inasmucli 
as the copper sulphate on one side is a stiong solution and 
has an osmotic pKssuie highet than that of the weak 
potassium l('ri c)c\ anide solution on the otlici side ol tlie 
pH elicitation mernbianc, water passes Irom the latter solu- 
tion to the loim<‘i Hence the volume ol the coppei 
sulphate solution increases, its increased w^eight sti etches 
the precipitation mcmbianc and the “artificial celT' grow'S 
A'^ the piessurc ol the coppei sulphate solution inci cases 
luiLhcr, the mcmbianc is luptuiecl, but it lorms again 
owing to a new^ skin ot coppei lerroc^anide being pioduced 
as soon as the copper sulphate and potassium Iciiocsamdc 
come in contact Again the “ccH” giows, and again it is 
1 LiplLired to be once moie lepaired Tins membinne, pei- 
meable to watei but not to such substances as coppei 
sLilpliatc or potassium leriocN anidc, is a s(Mni-pcrmeable 
membrane 

Another method o( making a semi-permeablc piccipita- 
tion mcmbianc is as (oilows — 

101 . To oidinary gum, add a small quanlit\' of gelatine, 
some sugar and a little colouring matlei, e g aniline blue 
ill s(dution Take up a little ol the gum-mi\tiiic on the 
rounded end of a piece ol thick glass lod and expose it 
to the air till it is diy Put tlic lod so that its gummed 
end IS in a 2% solution ol tannin A membinnous pic- 
cipitatc' of tannate ol gelatine is loimed on the suilacc of 
tine diied gum The sugai contained in the gum exeits 
its osmotic picssure, water passes across the mcmbianc, 
the kittci IS sti etched and behaves like the membiane in 
the former expeiiment The d\e, howe\'ci , does not pass 
across Thus the pi ecipikition mcmbianc behaves like the 
[jlasmatic membrane ol a vegetable cell (cl Exp 84’^), 
pcimitting water to pass acioss, but prc\ enting the osmosis 
of the dissolved pigment 

102 Again, v\'c may illustiale the semi-pei mcabihty of 
precipitation mcmbianes b) the use ol out parchment tulK'S. 
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Prepare two tubes, A and B, supported by glass lods a 
E\p ij Into each pour a i % solution o( caieiuin niti<i 
sianrj A m water and B m a i % solution of disodic pi 
phate Add a little niethvlene blue to the liquid in c 
paichmcnt tube Altei a day, note that the methylene I 
has appealed in the walci ol the ouLei vessel oJ y\ , 
not in that oi L> In B, the calcium nitiate and dis( 
phosphate inteiact to loim a pi ccipitation mcmljiane 
calcium pliosphate on the wall of the paichment tube', 
this membiane, ihoug'h permeable to vvalci, is impcrmes 
to a solution of meth3'lenc blue 

On the lines of such an appaintus as that of Kxp r 
a perfect, v\oiJvinu, osmotic model of a vegetable cell i 
be constructed 

Thus vvx^ reach the end of oui cnquiiy \\'c disa 
that, by means ol its root-haii cells, the loot ahsc 
water togethei with any soluble osmotic substanc'cs 
which the plasmatic mcmbianc ol the lOot-hair ('ell 
permeable What these latter substances are, wc n 
determine by othci methods and in anothci chaptci 
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Tnc substances laben up by the roots of pi ints The Lumposuion of plant 
ish Waloi- and sand cultures Tlie soil in relation to plant life 
The oMgin ol sods their physical, chemical, and biological 
pjroperties 

Tm: fact, established in the last chapter, that root-hairs ate 
capable ol absorbing water and anv othci soluble sub- 
stances to which then plasmatic membranes are permeable, 
leads diiecLiy to the enquny — What are the substances 
u'hicK the looLs of plants absoib, and to what use does the 
plant put the substances which it obtains Irom the soil^ 
lhat water is absoi bed by the looL is evident without 
luitliei expciiment, lor, on the one hand, we have lound 
(Exp 5) that plants contain laigc quantities ol w^alei, and, 
on the otliGi , we know' that unless water is supplied to their 
loots, plants wither and die 

Picsently we bhall ha\e to enqune more closely into the 
I elation of the plant to w'atci, but, in the meantime, we will 
devote uiii selves to discovering what substances, other 
than water, are absorbed by the root 

1 lie same expetiment which taught us that the tissues of 
plants contain considerable quantities ul waalcr, proved also 
that the dry matter, left alter the water is dinen ott, con- 
sists largely of carbon compounds, and that, after these 
compounds are buincd away, a relatively small amount of 
mincial matter remains behind as ash 

Now, carbon compounds of the kind contained in the 
plant do not exist in the soil, but inasmuch as such mineral 
substances as those found in the ash aie ahvays present 
in the earth, we may be fairly confident that the mineral 
substances of the ash ot plants are obtained in one form 
or another from the soil 

To determine accurately and completely all the con- 
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‘•tiUiciil (kmenls contciinccl in plnnt-ash would icquirc a 
sfuiiLwhuL cLibotalc chaniical jnahbis Tlioiiyh sucli an 
anal\sis is buNund us, we can demonstuilc icadily llic 
[)iescnre of some ol tlie mote impoilant elemcnls by the 
loilow inn niethods — 

103 Fill a lriin(j bottle wnth fine ashes (lom a bonhie, 
or tiom a ]-)undle ol dried ha} burned loi the puipose 

Place some of the ash on a piece ol platinum loil (Appen- 
dix A), and heat iL in a Bunsen llame Roll up the 
platinum toil with tlie icmains of the fused ash, place il m 
a test tube, add a little distilled w'atci boil Test the 
solution so obtained w'lth led litmus papci a blue coloui 
shows that an alkali is piesent (Use the solution foi 
E\p 105 ) 

104 Moisten a platinum wire (App(ndi\ A) with 
hydrochlotic acid, dip it in the ash <ind hold it in the fiamc 
Obsci ve the yellow' colour ol the fiame, due to the picsence 
of sodium RopiMt, obsei\ing the coloui of the llame 
through a piece ot eoball-biue glass a Molet ( oloui 
indicates the picsence ol poiassniui 

105. To the solution obtained in Exp lo-:;, add an equal 
volume of dilute nitiic acid Poui the liquid into a dean 
test tube, add an excess of a solution ol ammonium molyb- 
date (Appendix A), boil a yellow' piecipitatc indicates 
that phosphaUs aie piesent in the ash 

By appiopiiatc tests, the piescncc in the ash ol othei 
mineial substances— compounds of cciJciuni, waoncsiuni, 
etc — rna}' be demonstiated 


It IS to be noted, how'cvei , that these tests give no 
indication ns to the loim in wdneb the elements, potassium 
magnesium, calcium, etc , exist in the plant, for the 
compounds piesent in the intact plant aic decomposed in 
the ptocess o( burning. 

Since, how'ever, as our tests indicate, potassium, sodium 
calcium, phosphorus, etc, are piesent in combined fotin 
in the ash these elements must have been piesent in some 
form or other in the plants W'hich vieldcd the ash Whence 
It foIIow's that they w^eie obtained fi om the sod 

i qi^estion thcicfore arises, aie the mineial substnners 

hev accidental accumulations or a.c 

the} of significance in plant nutntion? 
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tiiat silicon, chlonnc and sodium, thoii^li genciallv pres 
in plant-asli, are not essential loi the perlect dexxlopm 
of How Cling plants in gcncial 

Since watcL- and sand-ciiltui cs aie among the n 
insLiiiclne expciimcnls in plant [')li\ siolog) , we pioc 
to e^^r^ them out with a \ lew to ascei laming wIiaL syi 
toms aie manilested bv plants deprixed ol one oi othe 
the essential, mincial substance's The salts and also 
water used for the culture solutions must he puie 
full insti actions as to the mode ot pieparation ol 
solutions, see Appendix 

ft Will be ol mteicst to lepeat, as the Inst of oui sa 
cultuie expeiiments, the oiiginal sand-cuituic made 
Boiissingault, who mtioduced the method about T8h8 

106 Procure good silxcr sand, clean it (Appendix 
place pieces ot clean ciocL (broken Rowxm pots) at 
bottom of each ol six, small, new pots and (ill the pots \ 
the sand plant one ]3ea seed in each pot (the seeds, be 
planting, mav be plunged w-hilst div into hot watei 
a tew minutes, soaked in tepid water loi tw'clvc ho 
and then sown) Walei thoioughly and coxci liic ] 
each with a piece of glass VMkii tlio seedlings npp 
w'ater three ol the pots wuth complete ciilLuic solu 
(Normal solution, Appendix A), and Lhicc with a ciil 
solution complete, excc'pL foi mtialcs (Noimal, m 
nitrates) When planting the seeds m the pots ol s* 
plant others in puts oi oidmaiy soil to sei\e loi t 
paiison Rerot d the rate ol giowLh of the secdii 
ol the thiee senes wlien Lire dilleicnce bclwecii tl 
wnth and wuthout nitrates has l^ccome maikcd, draw 
pbotogi'aph the plants (Frontispiece) Fiom the statxc 
appearance presented by the plants giown m sand lad 
nitrates, and fiom the healthy appeaianec picsctUec 
those m sand containing mliatcs, w'C conclude that a p 
cannot live without niLiogcn, that the supply ol nilu 
which the seedling peas contain in the loim ol piot 
m the aleurone grams of the coL)ledons (cf Chapter 
IS soon exhausted, and that the plant Ukmi turn'- 
the soil for fuithc'r supplies of nitrogen, wdiich supi 
the soil may lurnish m the lorms of mliatcs Be 
thus demonstrating that plants derive nitrogen from 
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soil, \\c get a sinking exaniple of the complcxit}' of the 
clicmical piuccss camccl on by plants Foi, Ironi our 
stud) ot the nutiiLion ot seedlings, we ha\c leained that 
plants build up then piotoplasm Iiom complex, 01 game 
mil ogen-eumpoLinds {c c* proteins), and now \\c aie dM\cn 
to the conclusion that the law mateiials, wliieh pio\ide the 
nitrogen contained in the proteins ot plants, aie the rela- 
tively simple, inorganic nitiogen salts which are absoibed 
ttom the soil Though physiologists ha\e spent much time 
in investigating the process ot niti ogen-assimilation, to 
the process wdicieby the nitiogen ol the nitiates ol the soil 
IS eomljincd wath other elements to (otm ammo-compounds 
and proteins, oiii kno\\ ledge of the subject remains frag- 
mcntaiy (Bibliogiaphy, 10, ii) 

Beside its histoiical inteiesl, this sand-cultuie cxpcii- 
inent of Boussingault has yet another interest, and toi that 
reason we shall iriuin to it piesently (p 14 1) 

107 Repeat Exp 106, using plants w'lth smaller seeds 
in order to as'oid the compliealions introduced b}' teserve- 
materials Among the \arious plants which may be used 
SLiccesslully lor sand-cultures, poppies (Papaver sp ) or the 
Califoinian poppy ( Eschsrholtzia califormca) arc, by leason 
ot the readiness with w'lncli they grow m sand, among 
the best 

108 By means ol sand-cultures determine the effect ol 
withlrolding cei lam of the other elements of our list, viz * — 
calcium, magnesium, and phosphorus (see Appendix A) 
Though the lesuUs aie less striking than those obtained 
by withholding nitrogen, }et, m each ol these cases, the 
plant fails to dcvelope properly 

Mount the di a wings or photographic recoids of the sand- 
culLui'e experiments on cards add details and pieser\e 
them m the museum Record peculiarities as to leal- 
dcNclopment, colour of ]ea\es, grow'th of stem, flower- and 
1 ruit-formation in each case 

Unless the sand used in tlic above cultures is pure, and 
unless special piecaulions aie taken, an attempt to demon- 
strate the effect of w'lLhholding iron will fail, and this for 
two reasons Fust, tlic amount of lion requited by plants 
IS extremely small, and second, traces of iron occur m 
most samples ol sand Hence to demonstrate the eflcct 
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produced in the plant hv lack ol non we !t‘sorl to t 
mcLliod ol vvatci-culUii e (Append!\ V) 

109 Piociiic sfwetal i^ood-si/ed ^Inss bottles — lai 
jam bottles answer I lie puipose well Clean and t 
them and imnieise the liottles almost to tlicn inns in 1 
watci ol a tempeiatuie ol about c^o*^' C Midi a hi Ik* so 
paiallin (ol melting- point ^o^ C , see Append i\ A) 
a poicelain dish, and poui it into one ol tlu* botlk 
Rotate the bottle so tliat the paiaflin, as it cools, Ion 
a thin la>ei o\Tr the whole ol its innci siiilace In 
the othei bottles in a similai way ILimi^h i^ciminai 
maize so that the loots ol the seedimos ait* iii wat 
temo\e the cndospeirn liom each ol sevc'ial st^edlim* 
leplacc- the seedlings and leave them loi <i da\ with th 
loots in watei Fill two paiallined bottles, one w 
‘ noi mal” cultLiie solution tiieolhci with “noinial, nm 
non ” Make scvcial cuts in a plate ol coi k, |)assnig In 
the edge to near the cciUie Slip the lowei jiatls'ol t 
shoots ol healthy seedlings each into one ol the gM>o\e-li 
cuts, wedge each seedling himly by nie.ins ol uaton wo 
place the coi k over the bottle, the lliiid m wdiic h is at su 
a level that it coveis the roots but does nol n^ai li I he shoo 
Bv adopting the piccnulions menlionc'd m the ajijieiulix, 1 
planis ma> be kept in a healthy stale Note that’ t 
lea\cs which loim in the “iioimal, minus non” soluti 
arc not gieen but yellowusli oi wdiitt In ihe cdisC'i 
ol iron, chloiophyll, the gieen eoloiiimg matlc'r ol jikm 
fails to devciope Painl a paiL ol sut It a thloioiu k 
with a dilute solution ol non sulphate, and obst i vt tl 
It becomes gicen m tlie rotiise ol a day oi so 

It IS a GUI lous (act that though non is essenlml loi i 
development of chloiophyll, that" substance does note out, 
non 


In Nalure, ceitjin plants on ccilain soils berome olilou, 
and fail to det elope piopcilv It has hcen shoun that i 
state IS due— at all c\cnts in many cases— to the mahilih 
pe planfs to obtain non fiom the soil, and that ii m 
be remedied by injecting solutions of non sails inlo I 
stems It must be home in mind, howi'vei, llial nol 
whde [eaves a^rc due to the lack of non Many plants, e 
maple, ivy, holly, pelaigomum, etc, have the habit 
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foiinmg uiLCs with \mi legated lca\es, and, in lliesc cases, 
we lia\ no 1 cason to think that the alDseni c ol coluui is due 
to kick ol non: again, most plants giu^n in daikncss 
(cl p 44) piocUicc colourless leaxcs*" Hence w'c ma\ 
sU[ipose that the presence ol non salts, like light, is a 
necessaiN condition ioi the do\clopment of chluroph^ll 

By lelciiing to the iccoids made ol the giow'th ol ilie 
saiul-CLiItui es, it will be iotind that, when calcium is absent, 
the lca\cs tend to become ^ellow'lsh, and that, in the 
absence ol magnesium, they olten take on a dnt\-biow'n 
coloLU. Inasmuch as it has been showm lerentlv that 
chloiophyll contains magnesium, it should be possible to 
dcmonstiate that, in the complete absence ol that clement, 
plants do not produce the noirnal green chloioplasts 
(Llilorophx 11 giains) 

"I lie lesults ot sand- and w-atei -ciiltui e expeunients pio\e 
that the lollowing eltmiMits obtained in combination liom 
the soil in the foim of salts aie essential lot the giowlh 
and development ol flow^'ering plants — nitrogen, phos- 
phoLLis, sulphui, calcium, magnesium, potassium and nun, 
togcthei wnth hydrogen and us^'geii obtained in the toim 
ol w^atci (H, 0 ) As the result ot chemical processes, of 
wdiich at picsent the giccn plant guaids the scciet, ceitam 
ol these elements — nitiogen, sulphur, phosphorus, and 
potash, as well as oxygen and hydiogen — become con- 
stituents of plastic lood-materials such as the pioteins, 
and, linall}^ aie incoi pui ated with the protoplasm Others, 
such as magnesium, becnnie pait ol the indispensable 
chloroph\ll giains Hence w^c must regard the essential 
mineral salts as contiibuting with wntfT to the law 
malciials ot the toocl 

1 lie piccise lunction of some ot these mineial substances 
is not deal Some ol them, as, tor example, non, seem 
to condition the loimation lalhcr than to cntci into the 
consli action of the plant-machinciy, others play othei 
parts — thus calcium has a idle in connection wnth the 
tianspoit ot plastic cat bohydi ates For, in its absence, 
the accumulation ot staich m abnoimally laige quantities 
m the leaves., indicates that something has gone wiong 
wMth the ti ansport set V ice (cf also p 185) Calcium occurs 
also In a combined form in certain layers ot the cell-walls 
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Oui studies of the osmotic piopeities nl udls h 
tuueht us that only burh mineial subst.iiu <. s as aic soli 
in watei can pass into the loot-haii lell that the i 
has, howe\er, the pouei ol dissoliing teitain iiiiiv 

substances, Me demonsti ate tluis -— 

110 Park a laiqc llouci-pol hall lull uilh coco-hh 
place a slab of polished maiblc so that oik end usts 
the coco-hbre and the olhci on the side ol ihe pot, 
such a position that downwai d-i^i ou loots ronu 
contact with the stiilarc ol the maihlc Pi ess a layi i 
coco-fibie hi ml} into the pot, plant soaked bean seeds, l( 
them with eoco-hbic, and watm ihoioti^hlv Alici s( 
weeks, turn the maihlc out ol the pot and ohs<i\e ihal 
i oot-systems ol the sccdlincjs hti\c ch lu'd tipon llu‘ ‘ 
copies ul then outlines Sim e maible (CaCOij) is soli 
in watei containing' caibon diOMch ui solution 

would siilhcc for the ctchiiif^ pint ess (oi the i()ol lo j 

dnee ns we know it does — caihmi dioxide Wdielhei 

rooL-haiis aie able also to exrule oth(‘i nK>i(‘ powdi 
solvent substances is a mallei ol chspiile 

That the mineral substances <il)soib<(l h\ the lool-li 


arc taken up in exticmcly dilute solulion lollows lioiii 
diluteness ot the solutions which siilht'i loi walei- 
sand-cultnics Indeed, oui sludy ol osmosis would 1 
us lo pieciicL that, wdieic the looliiK* medium coni, 
osmotic substances in rmv c onsidei ahli' d(i;M(‘ of com 
tration, watei absoiplion is hmdeied (cl also p ijS) 
We dcmonsliatc the lac L Lliat the <i(ldilion of sli 
solutions of salts may act mjiiiioiisly on jikinis, r ,1,' 
plasmolysmg the looL-haiis, thus — 

111 Raise till nips 01 Oiil s 1 1 om sc c d pkmtc d in six i 
of ordinary soil When tlif' sc‘C‘dlint>s an* Uj), WMtei e.ic 
the pots daily wuth one of the follmvmp — walcM, i V.'., 
5%, 10% and 20% potassium mliatc' scdiitions, and dc 
mine that the strong soliilions exeinsc* <i disaslioiis cdl 
Gardeners have lonq since lec'oqnised the ku I Ihal .1 
may be delicicnt in some on(‘ or otliei ol lhc‘ esse 1 
mineral substanc^cs leqtiiic'd by plants, and Ihal, c 
though it may not have Iru ked such a siihslaiicc oiit^iiK 
it may come lo be pooi m an csscapial mincaal, owiiu 
the absorption ol this substance bv picKioiis ciops 
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know, cilso, that animal manuics contain ielati\ely small 
r|QantiLiLS ot such substances as phosphates Hence, in 
ordei to lestoic th(‘ fcMtihtv ol the soil, they apply to it 
both dunu and aitilicial maniiics 01 Icitiliscis Whc'n a 
fciLihsei IS tcadih' soluble in water, niliate ol soda, 
sulphate of ammonia, etc , care is taken to add it in small 
quantities, tor, otherwise, it is apt to “bum” the plants 

112 This burning eHect ma\ be demonstrated by 
adding powdeied sulphate ot ammonia to a patch ol a 
lawn inlcsted wnth daisies Alter a lew da\s, the daisies 
piesent on the lawm aic blown and shii\ellcd, and the 
glass itself may be also damaged tempoianly It is 
owing to the spi'cial susceptibility ol daisies to damage 
by sulphate ot ammonia that this substance is employed, 
mixed w'llh sand, as a weed-killei on putting-greens and 
lawms 

Another matter of inteicst which oui \aiious observa- 
tions now allow us to explain, at all e\cnts in pait, is that 
known as i^cJcciive abiiOiption Dilleient crops make 
dilleient demands on the mineial constituents ol a soil 
Some, like potatoes and lOOt-crops gcnernll), take up inoie 
potash salts, othiub, like leguminous ciops, take up moic 
phosphates, and so on Now, it a substance, say a salt ol 
phcjsphotus, IS taken up by the lOot and distributed 
thioughout the plant, a moment comes w'hen, il the phos- 
phates in the plant have not in the meantime undcigone 
some change, theie is as much phosphate in solution m 
the cell-sap as in the w'atei of the soil Hence, automati- 
cally, the accumulation ol phosphates ceases If, then, we 
consider two plants, one which makes use of phosphates 
largel} , the othei sparingly, then, though growm m pieciscly 
similai soils, the loimer takes up duiing its life large 
quantities of phosphates, the olhei takes up l)ut little It 
will be c\idcnt that the behn\ lour ot diflerenl crops wnth 
respect to amount of absoipLion fiom tlic soil of the 
essential mmctal substances must be a lactur in detei mining 
the rotation of ciops 

It temains to cnqime how' the dilute solutions of the 
\aiioLis inineial substances aic absoibed by the lOot Wg 
ha\e dcsciibed the plasmatic membinne ol the loot-hair as 
a semi-pci mcahle membrane, that is, one wdiich, w'hilst 
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pcimcablc to water and nciLain diltusiblc substances, 
iinpLi nieti]:)lc to ceitain other dihusible sLiIjsLanLCs V\’ 
ha\c, thcTcloie, to assume that the loot-hau cell, w'hil 
impel mcablc to tlie osmotic substances which it coi 
lams dissohcd in the (.ell-sap ol its vacuole, is, on tl 
olhci hand, pen meable to niLiates, and to the salts < 
the othei elements essential to plants On this mcv 
v\e can undei stand how ('eitam plants take up lai^ 
qiianLiLics oi non-esscntial mineials — just as s(‘a-\\xe( 
absoib laigc cjuanLiLies ol salts ol iodine \Vc suj 
jx>s(j that laige chlleiences ol pci meabilit}' exist, ai 
thal liic ptotoplasma membianc ol th<‘ loot-han cel 
ol one plant is pcimcable to substani es \\hi(h canncjl pa 
the plasintiLie mijinbiane ol the looL-haii cells ol ulln 
plants 

The slLidy of the behaviour of a plant, the absoibei 
oigans of whicli find themselves eonliontcxl with ni' 
osmotie conditions, tbiow's light both on the extent ai 
limitalions of the plant’s powcis ol adaptation Thus, tl 
loots ol willows giow' in the sLiongly saline wateis ol ll 
Dead Sea, and hcncic tlie lOot-ban c(‘lls, immeised in tl 
Stdt wTitci, the osmotic picsstiie ol w'hieb is veiy hig 
must exci t a coi i cspondingly high osmotic piessuic 
oidei to icLain their tiiigidity and to ellect the ahsoi 
lion ol vvatci Some mat me algae withstand a ehanj 
liom salt water to iicsh vvatei, a change w'hieh wou 
suIIk c to pioduee dc^ath horn “osmotic explosion” 
(he c(‘lls of most plants Bi ought into solutions 

liiglier osmotic prcssuic, the absoi):>cnt ceils of some plan 
leacL by setting up a conn tci vailing osmotic piessuu 1 
the secretion of osmotic substances into the c(dl-sap uth 
plants icach a similar condition ol osmotic equilibrium wi 
the Jluid wdiich sui rounds them by absoibmg osmotic sii 
stances from it On the othci hand, plants aie not nlwa 
able to readjust themselves so as to oveicome untowa 
soil-conditions Thus, a ccitain numbei ol plants are ve 
intoleianl of chalky soils Among such chalk-shy 

caleiphobe plants are sphagnum moss, the sun-dew (Di ose 
rotuiulifolia), and othci plants common m boggy and pClI 
land, foxglov^cs (Digitalis purpuiea), rhudodraidi or 
azaleas, etc The leaves of azaleas and rhododendior 
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gtoun in soil riLh in Lhalk, tuin a sickl} vcllow coloui , 
whilst the sun-citwv and \aMOus mosses may be killeci (Hi 
right It seems probable that though, loi sonic itnson 
01 other, an excess ot lime is in]uiious to these pLiii s, 
their lOot-haiis aie, nc\ ci theloss, pcimeablc to soluble sa is 
ol lime, and ha\e no pov\'Ci ol modifving this ptoptiL' 

In the cLiltiv^ation o( az.ticas and othci chalL-shy plants m 
greenhouses, gardeneis ai(‘ caieful to watei them with soli 
w'atei, and advantage is taken ol the suse'cptilnht s o 
\aiinus mosses to lime to get nde ol them liom lawns 1)\ 
w-ateimg with hme-umter oi b} dicssing the lawns w'lih 
chalk 

Other plants arc indilleient to chalk, and yet othci s 
(calciphil plants) show^ a marked prelciencc lor chalky soil 
(Bibliography, i, 9, 17) Hence, m the cultivation ol 
alpine plants fiom limestone teg ions, it js sonu times 
nect'ssary to use stone containing lime lor the const 1 ue t ion 
ol lock-gaidens 

Our sand- and vvater-cultui cs have convinced us ol 1 (i(‘ 
lundamental impoitance ot the soil to the hie ot the pinni 
Fioni It, the plant dciivcs not only its watei supplu’s, bul 
also the mineial substances indispensable to its existcuK t 

In addition to these lundamental iclations between planl 
and soil, theie aic olhcis haidlv less sinking, loi c\ (‘n in 
thci toLiisc ol a wrilk across a small tiacL ol counti v , it m4i\’ 
l)t‘ scon that the difleienl kinds ol plants aie not stcitlt‘i(d 
Limloimlv ovtr it, but gioup ihemsehcs into bands, and 
that the kinds or types ol v'cgctation charactei istic ol tliesi 
seveial plant-associations ate very ditlereiU ii('>m oiu 
another (Bibliogtaphv , r, 9) 

Over that small tiact ol coimtiv the climat(. is uniloiin, 
thioughouL It the amounts ol rainlali and sunshiiu' ai(‘ 
about the same Thercloie, we ate comptllcd to f ojk 1 ikI< 
that the dilleicnccs m vegetation which its sevcial p.nis 
pr(‘sent aie due, in some way ui olhei , to dillcicnccs in the 
soil 

The same conclusion is 1 cached fiom a survey ol I lie 
vegetation ol the whole woild woodland and giassland 
occui the world over, alike in the hot legions neai tlu 
equator, and in the ('ool lempeiatc legions 'I h( 
fact that the spc^cics of plants which compose a tiopu d 
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junt^lc clill<‘i liom tlioso which live in an iMi^hsh wood 
IS to be aLtiibiitccl mainly Lo clillci ences ol U‘m[)eiatiiu 
Only plants that can withbUnul a lanly low tcmpciatuie 
suivivc in an Lnghsh wood, and only plants that can 
llouiish at a uniloimly high tompciaLuic live in the tiopical 
jungle Rut tlie hec-type ol \cgctation is common lo 
both, and th(‘ e\istcncc ot this type in sue li difleient i eg ions 
IS to be attiibiited to siniilaiiLy ol soil conditions, pailicu- 
laily, as wc might guess, lo Lhcie being a supply ol waU i 
adequate lot the suppoi t ol UiMiiiant tioc-giowth Thus, 
the question ol the plant’s w atei -su[)ply is one which h.is 
many beai mgs, and is w'oilli c<iiclul ( onsidci ation "1 hat 
this supply depends ullimalcly on .imount ol lamlall — oi , 
111 some cases, on supplies ol uiuIcm gi oimd umIcm— is 
evident; though it is also (\adcMU, horn the huts we ha\a* 
learned (p 12 <S), that plenly o( w'alci in tlie soil need not 
nccessaiily mean pl< nly ol vvalci a\.ulabk loi the filanl 
Consiclei, loi ( \ample, liow' the* \(g(‘tation o! tlu‘ 
land comes in oui counliy to a suddcMi h«iU al the 
sea-shoie None ol the plants that llouiish «i lew \aids 
inland aie able to cst«iblish thcMuselva's on tlu‘ sandy bisu h 
That stiip ol giound is pi.icLically *l dcscil, oi at best 
bcais occasional, isolated plants, such as sand-bmdmg 
glasses (Ammophila ai unclmru cm), ^(ll()w homed f)oj)pic‘s 
(CrlaiiciLim luteum), sea Ihist Ic s (Iti yng lum imu it i mum), and 
sea ( onvoivLilus (Convolvulus Solclanc'lla) Noi is thedeai th 
ot plants <ilong the sea-shoic‘ conlinc'd lo the sandy tiacks 
In the wet, clayey marslies which maik liu‘ csliiruies ol 
small stieams, the vegc tation, consisting oi sedges, succu- 
lent Sufedas and Salicoinins (M<ush Samphiie, Saltwmit), 
IS but pool Ovci these maishes, the scm spic ads at 
pciiods ol higlicsl tides, and lew plants can li\e m 
the soil impiegnaled with scm salts 'I hiis, within thc‘ 
space ol a lew hundiecl squaic* yaicls thic‘(‘ (liFUicnt 
types ol \cgctalion mav oc'cui, the* giassland oi w/ood- 
land, which comes almost to the sea’s edge, the scam- 
descit ol the sandy shoie, .md the* salt-maish 1 In iCMson 
loi this gioupmg ol plants acc'oidmg to soil chaiactcMs 
IS not lai to seek Poi s*indv sods an Ic .iky ic^scmvoiis, 
Irom them the walei diains aw<iy .ilmost as last as it 
tails as ram upon them In the sa’lL-m.ush also, the c:ast- 
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ing \'Olc which determines vegetation is given hv' the ^oil, 
loi only plants (lialophyLes) whose mots aie lolcuint ol 
laigc quantities ol salt can liv'c tlicicin 

Hence a i eg ion ol unifoim rainlalJ may contain soils 
vvdiieh, like those ol the meadows oi woodlands by the sea, 
arc good wMlcr-i csei voirs, others which, like the sand)^ 
slioies, aic pool tcscivoiis — physically cli}^ — and otheis, 
like tlie salt-mai shes, which, though the} hold much vvatei, 
withhold il li(nn the maioiity ol plants, and aie theicloic, 
though Lhev may contain plenty ol w-atei , ch y as lai as 
plants are conceined, oi , as we say, phv siologically div 
Such biiel considei aliens show that a study ol the soil is 
a matlci oi first impoi Lance to the physiologist To this 
stLidv' — of the phv sics, chcmistiy, and biology ol the soil — 
we will now pi oeeecl 

Soil IS '‘lotted lock ” T 3 y the action ol lain and i tinning 
water, host and othci natiiial agents ol destiuction, the 
locks exposed on the suilacc ol the eaith aie in pait dis- 
solved and caiiicd to the sea l)y n\cis, and m pait bioken 
into the liagments ol v^aiymg size whiih constitute the 
soil 

The sod thus foimed may accumulate ovci the lock horn 
which it IS cleiiv^ed, oi it may be (aiiicd by lunnmg \\at(‘i 
loi some distance and them be deposited In the lormei 
case, the, soil is (ailed a scdentaiy soil, tind m the lattei, a 
tianspoitcd oi diilt soil 

Since clillcienL loi'ks arc composed ol dilleient ivuuls 
ol mineials, they give use to soils which clillei chcmicall} 

1 1 oni one an othci 

Thus, a limcslono dismtcgi ates to foim a chalky sod 
Rocks ijch m fcispai (silicate ol alumina w'lth potash, soda, 
OI hmc) give iise to a clay — a soil consisting mainly ol 
fine paiticics ol hycliatcd silicate ol alumina II miK h 
lime occurs mixed with clay, the sod is tcimed a mail 
Fiom locks made up chicHy of quait?' (silica) the coaisci- 
giainccl sods, called sanc]\ soils, aie loimcd Mixtuies ol 
sand and clay, m which the decaying ic'mams ol plants and 
animals (humus) have accumulated, *11 e (xdlecl loams, and 
('onslitute the most Icitile sods 

The laici mineials contained in the lot'ks scaicely allcc^l 
the geneial chaiactci ol the sod, lliough some aie, as wc 
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Icnow, 1 )v no nitans iminipoil.ini lo llu pi. ml 01 T 
nniK 1 ill sli 1 )sL.hu ( s, ii on in i oinhin ilion is pi i si nl m i 
soils in snilu K nl qii.mtilH s lo i is( to (h.n.nUi 

loloins i((I, \«llou, hliM , oi L;i(\ \Uiu h ni.u |)( 
pionoiin((<i ,is lo hi i ( i u-pm .>hli t\tn m soils u 1 
o\\ 11114 h> liiinuis llu \ lonliim, P nd U> \n ol .1 ])la( 
!uk‘ 

I'LilliM infoiin.ilion .is to llu 01114111 o( soils m.is 
ohliiiniil lioni p \t-ho()ks ol (moloi^v ( HihiioL;! .ipli\ , 
ip 17), .mil Him li imi> hi li .11 111 (1 lonici 1111114 tlin 01 

.111(1 n.ituii o( liu soils ol a loi.ilil\ hyslmhiiiM llu m 
liu , 11(1 (»( llu “(liilt in.ips” puhlisliiii [)\ llu ( ii olo' 
Sin \ i ^ 

113 i'oi om Inst (\p«iiniM!l m lomuition with 
sliiil\ ol till soil, \\ ( (liLi .1 1.11141 hoii III .1 (11 Id 01 u,ii 
\s llu' (Mitli IS Immd lip .md jnil on oiu side, nol 
di plh and .ilso llu i li . 111141 ol i oloiii as sod nuims 
siii)soil 

Ihiss a hull* ol till sod IuUmcii tin* I11U411S and 
will lliri il liils|;iitl\ Ol piiasv II i 4 iitt\, ui know 
it IS ol i sandy nat in i , il 1411 a s\ , that li is i la vi s 

114 Hi at a sniiill (jUantih ol llu sod lo ii dm ss 
poll 1*1, tin ( I m ihli Wdii 11 It li.is ( ooli d, noli- lh.it, o 
lo llu hiimiis ha\ in^ hi in dislioNid h\ hiiiiimi.;, th 
inui.itid sod lias losi ils hi.n kish i oioin I\i pi al 
ohsi ‘1 \ .it ions on liu- siihsoil, .irul (hiis diPinmu thal 
dryoid ol hinnus 

115 llall lill .1 h si Pihi uilh .1 sainpli* ol llu i* 
Add a hull* lisdi oi Idoi u .u id nop wlulhii illuvisi 
OK Ills 11 in douhl, hold llu liihi lo llu i*.n md lisp 
a (i.ii‘khn «4 01 l)id>h]m },4 soimil h.lh 1 \ i skuik mdi 
lhal llu sod lonl.ims laihonaP* ol him, whiih, 01 
addilion o( llu* ai id, (list ipiapi s i «ii hon dioxidi* 

110^ Shaki. uj) sanipli s oi llu sod uilh wait 
tall f 4 lass j.ns 01 P*si (iihcs I’om oil llu* 1 
lioni oiu* ol llu* jais alinosi imnu di.ilcl v, .md linn 
()lh(*i j.iis <il linu'd inPnals, li.i\iiU4, houiMi, on 
unchslni lu d 

117 /^ ih riu‘.ins ol a 1011^4- pipctti , lake out s.inipl 
the* sedinu ni 1 1 oni I’.irh j.u and (*\.innn(* il nm i osi opi 
ObbCi V( dial llu* lai^i'i soihpai ludi's hill hisl Mo 
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dlop oi the tin bid liquid contained in the last jar, look at 
it Lindei the miciooeope and note the minuteness of the 
paiLieles whicli it contains Asieilain liow lono the w'iTiter 
in the Lindistiu bed vcss(d Lakes to bee'oine eleai 

118 II seveial da3^s elapse bcloie this happens, pour 
hail the contents into a clean vessel and add a little linie- 
watei Obsei\e that ihe ellcet ol lime is to precipitate 
the line paitieles, and note that hme ib used in at^iiculture 
for the puipose of making das soils more woikable 

119 . 1 Iiiow back the sod into the hole (Exp 1 13) u itli- 
oul ti ending it down Note that the earth bv no" means 
eompletel} hlls the hole. Heni e, even though put back 
uith eaic, it IS inoie tightly paekccl than beloie it was dug 
out, and liene'e, also, the particles, in then natuial position 
in the sod, are sepaiated horn oik anotliei by spaces 

120 Plunge a (lower-pot, contjining-aplant not uateied 
lecentl}, in a pad ol water* note that, as the wxatei enteis, 
bubbles ol an escape fiom the spaces between the sod- 
pa 1 tides 

121 Take Lw^o similai plants in pots, c £j geraniums, 
01 chi ysaniheniums , submcige the pot contain mg one 
plant m w'atei in a pad, gonv the other plant in the usual 
wxi) Note* that the plant in the watei -logged soil lads lo 
(loinish Aitei some time, turn it out horn its pot and 
obsei\c that the roots appear unhealthy and, it may be, 
lotted Excess of water means dcliciencv of an, and hence 
an Linstitislactory rooting medium (see also Exp 

loom the loiegomg expeiiments and considerations, it 
IS evident that a knowledge ol the ph\snal, as well as ol 
the e.hemienl, pioperties ol sods is essential lo an undei- 
standing ol the lelations w Inch obtain betw een plant and sod 

W^e W'dl, theidoic, dc\ole ouisehes to a biief experi- 
mental studv ol some of the moie important ph}'sical 
pi opei Lies ol sods 

122 Foi tins purpose, obtain samples ot fanl}' fine 
sand or ot a sandy sod, and of a heavy clay 

Having cliicd the sods jn an own, pound and silt 
them to lemove stones, etc Without pressing down 
the pni tides, fill tw'O pots ol equal size and ol known 
weight, c g maimalade |ais or pint pots, — one with th(’ 
sancl, tlie othei witli the cla) Determine the weights ol 
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Lhc equal volumes ol sand and ( lay Note that sand is 
hea\ lei than clay, and obsc‘i\e, Lliereloie, that the laimei, 
v\ lien he speaks o( a clay soil as ‘ heavy,” means that iL 
IS hea\ > to woi k on account of its tenacious nature 

Nc\t compaie the water-capacities ul the iwo samples 
of soil, that IS, the amount ol watei which can be taken 
up by an equal volume ol each 

123 To do this, fill a graduated buiette with water, 
and 1 im the water horn the buiette gradually into the 
\essels containing the sand and clay used m the last cxpeii- 
ment As soon as the soils can absorb no more watei, 
weigh the \essels, and lemmiibeimg that i cubic centi- 
mctie ol w.itei weighs i giam, cah'ulate, from the in- 
cteased weight, the volume ot watei absorbed by the sand 
and cla)' »espcctively 

Since both sand and cla) consist ol solid pat tides, 
the w^atei added to the \x‘ssels has passed into the 
spaces betw'een the soil pai tides, and thus the amounts ol 
watei taken up by the sand and clay give us a measure 
ol the total volume ot the spaces between the soil pai tides, 
or, jn other woids, ol the potc-space ol each soil 

124 Turn the wet soil out of the pots, clean, dry, and fill 
them again with samples of dry, silted soil — sand and day 
as belo'ie Shake down the soil pai tides by tapping the 
vessels icpeatedly against the tabic, obseive that, as a 
result ol such Licatmcnl of the diy soils, the day pai tides 
lie closer to one anothei than do those ol the sand, and 
that m consequence, the space now occupied by the day is 
consideiablv less than that occupied by the sand 

125 Mount a small quantity of the sand m a dtop of 
watei on a glass slide, and make a similai prepaiation 
ot tlie day Examine mict oscopically, and observe tiiat 
the sand pai tides aie much laigei than those of the day 
(cl Exp 1 17 '^) Since a i datively laige pai tide ol sand is 
hcaviei than a minute particle of clay, sand particles 
he moie heavily on one anothei than smaller and 
hghtei clay pai tides We thus recognise that the much 
laigei porc-space of the day soil (Ex'p 123 ) Is due, 
nor to the cJicnncal piopcrties of clay, but to the fact 
that It consists of minute pni tides which he lightly on 
one anothei, and so leave consiclci able spaces between 
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Since the} are so small indi\ idiiall) , the number of clav 
at tides in a gi\en \olumc ol clay soil is consideiabl} 
i eater tiian that ol sand pai tides in an equal \olume ol 
.ind) soil 

Olii e\p(Minients teach us luithei thal,altei ahcaxyiain- 
lall over holds, some ol which ha\ e a clay and otheis a 
sandy soil, assuming that the Ia}eis of soil ate of equal 
thickness, mote water is rontainecl in the lot met than 
m the lattei 

But, as we know, the lain which falls on fields disappeais 
gtadually, and we must ask whether the “dr}mg-up” 
pioceeds mote quickly in one kind ol soil than in anolhci 

11 we have at an} time observed the sand on the sea- 
shore, wc must ha\e noticed that in summer, soon alter 
the tide lias receded, its surface becomes quite diy, 
w'heieas the cla}cy ooze lowei dow'n the beach remains loi 
liouis glistening with the watei whicli remains on its sut- 
Lk'c Evidently, v\atci does not dram aw ay so quieklN from 
a clayey as Irom a sandy soil 

How^ maiked is the diHerence between dilfeient kinds ol 
soil in this lespect we mav demonstrate as lollows — 

126 P rocLire t\vo How ei -pots of equal size, each 

w'lth a hole in the bottom Close the holes by means of 
tig ht-fit ting corks and determine the volume ol each pot b} 
measuring the amount ol water required to fill it Remo\e 
the coiks," di V the pots and place a small riltci-papci in each 
to picvent the soil horn escaping thiough the hole Fill 
loosely one pot wuth dr}, silted sand, the othei with dry, 
silled clay 

Add water giadiially as in E\p 1:23 until the soil is 
saluiated and the pots can hold no more Cover each pot 
with a glass plate, stand it in a sniicei or bowl , weigh, and 
lecoid the weights Remo\c the pots fiom the saucers and 
stand them on blocks of wood or retort stands so that the 
watei IS lice to diop horn the holes Compare the intes at 
which the watei diains away Allei some bouts weigh the 
pots again and estimate the lelativT lates ol pei eolation of 
the w'^atei 

W'c learn thus that clay holds moie w^atci , and holds 
iL moie tenaciously, than sand Whence it lollow's that, 
since the water is held in the pore-spaces, a sand} soil 
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h(‘('<>nus c!i_\ nioic quickh lliaii clt)cs d c.ld\, *iik 1 ill 
l.tiKi iLiuls lo l>(.HC)iiu‘ w dlci cl — jikI, owiiil; 1 ( 
(>1 dll , soiii — more i< ddil^ lluin does d sdiuL soil 

I lie i)c *11 mg (jI the sl 1*il Is (jii the di *i nidge ol .igi lei 
Idiid is I \ ie!<‘ii I 

127 Wdun w lien h*is ie*iscd lo di ij) 1 1 om th<‘ l\e. 

ol I \j) rj<>, weigh llum knowing llie loUd .iinoi 

wMloi held l>v known \olLniU‘s ol simil ii s.imples ol 
rind ( kiv (I'^vp ^23), *ind knowing IIk \olnnus c 
gki/(cl poLs, i.di'iildli lli( dinounl ol w.ilti li(‘ld 1 
s.imh’ *md eId\(W' soils 1 e spe e 1 1\ i l\g .dlci peieokiliei 
( ( .IS( <1 

128 No\e ii'inoM llu‘ gkiss ( o\ ( i s lioiii (Ik jiols 

pkiMiig l I k‘ Idl K I w he M 1 Ik \ d k she lie m d 1 1 om i .1 in, 

(Ik soil (Kposid lo (lie *mi liv weighing *il mli 
.isiiM 1*1111 ih.il i 1 k‘ sdiuly soil loses vedlei l>v (\.ipe) 
men e* Cjiiie k p I h.m I he i Id V 

In oidei lo nniieisl*LiKl liow ihis e ome s .ilioiil, we‘ 
deleiniiiH how' (he' w.ilei is lield m ihe soil dllen pc 
(ion h.is < esise (1 \\\ eihl.im dii insiglil inle> (he mil 
(Ik lone- l)\ whieh (he u*i(e'i is he'id em (he sin hue . 
soil })dilK l( s l>v (he lollowmg e \p( inncnl 

129 i.ike d se I i( s ol e.ipilkiM' gidss liihe s, so 

w'lelei, <ind some ol minowen hoie (he hoie e>l ihc !* 

he ing *iheiii( I inm , duel ih.il ol Ihe sm.ille si *il)on( jt 
Sidfid iIk I iihe s \ e 1 I k *dl\ so 1 hd( (he n low e 1 e iiels dip 
w *il( I , w Iiii li md V Ik e oIoum d w ilh me I h \ h ik hliie 01 
d\e l)eg(inim( (in he ighi (o whieh (h< wdtei 11 
(he se ven<il tiihcs, diid noli' llnil, IIk' miiiowi 1 (he hoi 
highe I (lie i ipillii\ use N'ole *ilso Ih.il ihc iijipci 
siiildee'oi the w.ilci m ihe e .ipilldi le s is nol Ildl hii 

e i \ ( , using Ing Ik I .il (lie side s w he i e' il is m e on hie 
(he gl.iss ih.in in Ihe niidelle' , duel ohse 1 w (h«il Ihc nrn 
(Ik‘ e'.'ipilldi dll' gi e‘*ilci is I lie e OIK .IV II ^ oi (he sm I 
the* w.ilci (onl.iiiKiI in i( Sine e , to liil (he WdUi 
lube, woi k' nnisl he* done, it folloves lli*i( (he ninci sii 
oi iIk' lubes c\{M( .1 pull on the' w.itei, .mel thd 
n.iiiowii (In' lube' (Ik gie ite-i the pull 1 lie loi on lie 
up Ihi* w .il ( I -e'ohinins is e rilled siii Lie e -le nsion, *m 
w.ilei IS s.iid lo use m I Ik‘ ( nhe s bN' e .ipilidi ilv Ini 
ihiiiow ds lo e‘s.hibil ihe plunomenon *111 e *dleel e dj 
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tubes Now \\ L‘ have already disco\ctc*d (E\|D 123) that 

the soil IS pencil ated in all directions by exceedingly hnc 
spaces, and since walei, added to the SLiilacc, diains a^^a^ 
below, it iollows that these spaces form a S3slem of intcr- 
eonimiinicating channels With this conception of the 
soil, It IS eas) to unclci stand how it is that after watci has 
peicolatcd liom a soil the lattci still contains a large 
amount of moisluie We conceive of the water held hv 
thi soil .IS fotming films ol grerit(*r 01 less thicUness ai onnd 
f‘a( h particle, and of being held thus with considerable 
foK'c It a soil consists of exticmel} fine pai tides, the 
luimhcL ol pai tides pei cubic inch is far larger tlian tliat 
m .in equal volume of soil built up of coarse particles 
H(’nce the total stiifacc ol the paiticlcs of this volume of 
lli(‘ fine soil IS far greater tlian that of the paiticlcs ol the 
( nai sc soil 

In illusti ation, vv c may quote fiom Mr A D Hall’s book 
on the soil ( Hibliogi aphy, 16), the extent ol the surface ol 
the paiticlcs ol a cki}' soil, a loam and a sand^ soil — 


Puie sp'ice 7 o 

Vrei ul siiif'Kt; of joil par 

III les in sq ft pLi cubic 
foot of bull 

1 ' ine clay soil - 

4S 

110,500 sqinte feet 

Loam 

44 1 

40,000 ,, ,, 

Sand) ^oil 

33 5 

1 1 ,000 ,, ,, 


Fiom these numlKus it is evident that the total sui face 
picscntecl by the pai tides ol a cla> soil is about ten times 
gicatei than that of the paiticlcs of an equal volume ot 
sandy sail, and the number ol vvatei -films held tenaciouslv 
hy sill face-tension is, therefore, much gicatoi m the case ol 
the day soil 

1 Ins picluie of watei in the soil held in the foim ol films 
01 hollow shells on the sui laces of the soil particles helps 
us also to imagine what happens as the soil dries h)' 
evapoi ation As the surface lavci exposed to vvai m an 
ni di V wands loses w'alci in the form ol vapour, the 
walei lost IS icplaccd by that attracted fiom the particles 
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bclou — loi tlic tbirkei the him tiir less liimly iL is 
held and cotneibclv, the tlnnnei the him the gicaK i the 
sui laee-tension excilLd upon it b\ the soil paiticle 1 luis, 
as G\aporntion piocecds, theie is a i edisli ibution ol walei 
in the soil m othci woids, theie fs a tapiihny ruse I he 
finer Llie s^ stem ot capillaiv spaces, the mote thoiOLigh- 
ooino IS this Lipuard moxemeiU ol watei Iiom the siiilace 
ol oiTC paiticle to that ol anothei We invcstigntc the late 
of capillary rise in various soils, c g sand, cla\, and also 
chalk and humus thus 

130 Take a Jong piece ol fairl} wide glass tubing and 
cut It into lengths ofabout i 01 2 leel each (ill llowei-pots, 
one with dry,” silted sand, olheis wnth ckn and pow^deicd 
chalk lespckncly (anothei may also he filled with finely 
diMded peat) Push a tube into each Ilow'ei-pot so that 
It is held fiimly, pour finely-silted, aii-div sand into 
the tube standing m the sandy soil, clay into the tube 
in the clay soil, elc , tapping gently the sides ol the tubes 
to pack the materials Plunge the llower-pols in watei 
to their rims and observe, by noting tlie cliangc ol coIolij ol 
the soil, the latcs of ascent of w/atei in the Lubes Conti asl 
the capillary rise m the sand, clay, chalk, etc Diaw' ot 
photograph" the apparatus at the end ol the cxpeiiincnt, 
and pieseiw^e the reooid in the museum 

The picture of the structuie ol a soil wdiich niiscs in 
the mind as the lesult ol nui exciei iments is that ol 
innumerable paiticles sepaiated fiom one anolhei by 
spaces Around each paiticle is a film of winter, and the 
remainder of each space is occupied by an As the loot 
absoibs w'atcr, the films around the soil-pai tic Ics in the 
neighbourhood ol the loot-hans become tliinner The sui- 
lace-tension wdiich the paiticles exert chaws walei liom the 
films aioiind the neighbouring soil-pai tides This in luin 
IS absorbed by the roots, which thus obtain w'atcr liom a 
laige area of the sod In couise of lime, if no fiesli 
supplies of water reach tlie soil, the osmotic pressme set 
up by the root-haiis is coiintci balanced by llic suikuc- 
tcnsion exeited b}^ the soiI-particlcs, and the lool ceases 
to absoi b w^atcl 

The sod, how’ever, loses w'-alcr not only to the plant, but 
also b) pci eolation and by c\aporation Ilcncc llie hoiti- 
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CLiltLinst, who cannot always SLippl}^ watei to the soil, has 
oIUmi Lo lake steps to piesme the watti in a clt}ing soil 

"Ihis ma> be ellectecl, toi e\ample, h\ spte<iding hghtly 
over the sin lace ol the soil a layei ol fine pai tides, eg 
ol fine!) -sil Led, cli) soil By this means, the continuity of 
the network of capillar} tube-like spaces, which extend 
horn the depth o! the soil to the surface, is inteiiupted at 
the siiilacc, and, ex^apoi atiun ol W'atei tiom the top layer 
beinu checked, the caiDillaiy rise of watei tioni the deeper 
kiyei (eases It is as though an infinite numbei of ininia- 
tiiie bungs were put m the necks of as many capillar} 
bottles On the othci hand, it the hne surtacc-laycr js 
ptessed clow'n firmly, for example, b} rolling, and 
its particles tluis bi ought into close contact with those 
of the layet beneath, capillary continuity is re-estab- 
lisficd, the pai titles ol the lop Ia\er aie able now 
by surface-tension to obtain fresh supplies ol wMter from 
that SLUiounding- the particles wuth which the^ aie m 
contact, and hence, as the watei of then films evaporates, 
iheic IS established an upwaid movement of w'ater 

liom pai tide lo particle Again, if, instead of finely- 
divided soil, a loose layer or mulch of material, such as 
sit aw, or glass cuttings, or leaxes, is placed on the sur- 
tnee, cvapoiatiun is checked 1 his la}er, not in capillary 
('ontinuily with the soil-parlicles, may itself become dry, 
but cannot xvithdiaw the water from the soil bdoxv Thus, 
the capillaiy use being stopped, the watei in the soil is 
conserved 

It IS of inlet cst to observe liow agrii'iiltuial and horti- 
cultural practice have tot one of their main objects the 
contiol of the xvatci ol the soil Nor, when we icalise the 
xvater-i equii ements of plants, is it sui prising that this 
should be the case''" 

The lainfall of this countiy, though spread oxer many 
clays, IS not gieat In the neighboui hood of London, the 
annual lainfall is about 24 inches Of the ram which falls 
on a field, some tuns oH the surface, much passes by 
percolation to the dccpei layei S o( the soil and is carried 
axvav by diainage, much is lost b} cvapoiation during 
those parts of the yeai when the fields are imocinipied by 
Cl ops Onlx' that which lemains is available for tlie plants 
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That Llicic ‘ipt to aiisc a slioila^c ot watci, aiK 
Llie CIO]") lb likch to sulki, is (‘\ idciU wlicn \\v 
sicici how consiiha able aic the walci -1 cc|iiii ciiici 
vaiioiis ciopi:> 1 luis, the ainoiint ol walci taken 
llic soil by a ciop ol \\licat is cq 11 1 valent to a lainlai 
llic whole wdicat^helci (jI no less than si\ iiulies 
erupsarc)Cl moi e thiisty, mangolds, loi instance, . 
Iiom the soil the equivalent ol 10 () inches, 01 som< 
like hah the total, aveiage annual 1 am jail in soi 
ling land 

It IS in consef(UMi('i of the annual iisk ol watti-l 
among (lOj'is that tilleis ol th(‘ land die at sui h pa 
Intel lere with natuic in the inteiest ol Ihe i 1 op^ 
('Liltivate Thus, auUimn ploughing, by bieaking i 
SLiilaee la}crs ol the soil, inci cases its watei-h' 
capacity and, as the (lOsts ol wintei cause the ch 
(Mumble, the watei is (onscived by the mtdiiipli 
capillai y ( on tinuity 

The piactice ol hoeing, u'soi l(“(l to hy all good gaid 
has a doLiljly bcMielu i<d elhct m the Inst place, ii 
clown weeds, wdiicdi (.ompi'tc with the cuItnaUd |)lai 
the wMtei or othci matcicils in the soil, in tiu* ^ 
place, by breaking the iipfiei Liyfa- ol caith, a lin. 
IS established and watei is consei\(‘cl in the soil 

How impoitanl aie llu* elU^c'ls ol line mg ina\ lx j 
liom the following figUM's, w hi( h give llu loss ol 
horn hoed and unhoed auas ol soil, dt'diic ( d lioin an 
cxpei imcnt : — 

Daily loss of watei finm cull iv Ucd soil, ^ tons ol \\ m 1 p( i 1 
j, iinciiltivalcd ,, ly (> ,, ,, 

In this evpei imenl, soil eultivatcd lo a (l(‘pih ol ^ 
was sampled <il mleivdls to a depth ol h l(‘et ( 
samples wcic taken simnltaneoiislv horn adjoiniiu 
with a firm sui fat'll 

Tlieic was thusduimg th(“ j() days ol the (‘\pi i n 
saving ol water eoiiesponthng lo i 7 im he s ol lan 

We must nol bung llu‘se sludies ol Ihc soil lo . 
without consicleiing the soil, <ilb(‘il m llu hiielesl m 
fiom another aspi^cl, namdv, lh(‘ hiologK .d 

The sod is rich m many lot ms ol hh Ih'sidc llu llov 
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plants, it bears terns and toadstools Sometimes a gicc'i 
scum ut minute algae may be seen on its siiifacc, and b^ 
appiopiiate methods a i ich Ooia of non-gieen oig*misms 
lungi, bacteria, and also a launa ol minute, uniccllula 
animals may be disco\'eied to ha\'e then homes m the uppe 
layeis ol the eaith 

Though, ho\\c\ei, the parts played by the soil-floia an( 
fauna in determining (eitiht> aio ol the gieatcsL impoit 
ance, we can consider them hcie m the light ot but on< 
example 

131 Repeat Exp 106, but mix: with the stci ilc sand 11 
one ol the pots about an ounce of oidinary garden soil 

Watci this pot, and those containing steiilc sand onl) 
w'lLh culture solution lacking niliogcn (Appendix A) 
Obseivc that the peas gi owing in sand to winch th 
eaith was added, though they ma} lemain puny (01 a wink 
subsequently giow as vigoiously as those planted in gaicle 
soil Those m stenle sand lernain small Alter som 
w'ceks, tuin llie plants out ol their pots and obseivc tha 
w'heieas those which have giown vigoioiish have cuiiou 
nodules 01 swellings on their lOOts, those in the stenle san 
have none Keep the specimens lor the museum 

132 Germinate seeds ol goisc (Ulex’ ciiiopcCiis), som 
in sand stenhzed by heating in a hot oven, and othcis i 
oidinaiy sod Obseive the development ol the seedling 
and the i elation betwx^en then giowth and the piescnc 
of nodules Dig up any leguminous plant fiom the ficl 
01 gaiclen (vetch, luccine, lupine, etc ), and obseivc its 1001 
nodules Fiom laboiious itu'csligalion ol these 1001 
nodules, it has l)een pioved that they aie the icsulL of a 
infection ol the root b} a dchnitc mici o-oi ganism, Pseudi 
monas radicicola, and it has been dcmonstiatcd that thi 
mici o-oi ganism, c\en wdicn isolated in aitilicial cultures 1 
the laboiatoiy, has the powder ol obtaining its nitrogen fioi 
the liec nitiogen of the air This it does also when It li\c 
in partnership (symbiosis) with the loots of Icguminou 
planis These plants, howcvci, not only tolei ate tlie mici c 
organism which multiplies m the cells of then loots, bi 
eventually digest it, and so scenic the nitiogen which tli 
mici o-organism has amassed We thus learn that mini 
organisms exist in the soil which bax^e the pow'ei to ‘‘ fi 
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licc nitiogcn,” thnl. is lo biinq the nili()i»(n i^tis t)l 
atniosplicic into such coinbinulions as sc‘l\c planLs 
tood-maLci Jals 

\Vc inay undcisLatul how .ili-impoi lain this iac I is \v 
vve icmcmbci that ihc amount ol I'onibiiud nitm 
(niLi a Los, etc ) in the soil .it .inv l;i\ cn tini(‘ is but small , t 
plants aie conslantb takiin; toll ol it, that, m the dt‘( a- 
plants and animals, the compk\ piotems aie biokcn d< 
by vaiions mic i o-oi ^anisms, Jii oiclcud slatits, to h 
ammonia and ultimately niLioi>en l he nitiot^in so Ion 
escapes into the an, as may also some ol the .immoi 
Theie is llms, as it weu', a (.oiistant leakaitt ol mtio 
hum the livuiig woi Id I>y tlu at^i ik v oj tin miion 
IKing" bacteim, soim^ spt ( n s ol w'hu h oi ( iii in llu nodi 
ol Ieguminf)us j)lanls .iiul olhei kinds ol whuh h\e 
clusively in the soil, this isiajKcl niliogen is om c‘ m 
biOLigln into combination and leiuleii'd a\ailable loi 
nuLiiLion ol the higlui jjlants 

iL is inoit tlnm j)iol).il)k llial the geneial shoi t.igc 
niLiogcn in e.iith.mdstM h.is li d to ol hei i ( la lions bi I w 
oiganisms as lemaikable .is that bilwi’eii l(‘giimm 
];)Itmts and INeiidomonas ladiiKola 

133 " Thus, u luMi w e ( \.imim with lens and niK'i osi' 
the young loots ol loi(‘st liees, c g pm(‘, oak, hoinhe 
etc, and niso Ihosc ol h<.ith plants, \\( dis<o\(i il 
instead ol lool-h.iiis, the M>ung lools ai< (o\(ud v 
manth's ol I ungous l hi ( ads (m 3 < oi lii/a) 

It IS not unlik(l\ ih.it, as a it suit oi Ihis sMubio 
the now(M ing pl.'ints whii h lak( .1 jiail m it obi 
iiuieased siipplu's ol niliogi'ii '1 he IkIknis whn h gi 
on locks rind tiee stems and otlun silu.ilions Kpic*' 
symbiotic paitnei ships belwttm hmgi .uul .ilg.ie Nn 
l(‘\v animals, ol whu li lh( gu'in livdia is .m (‘\am] 
aic associal(‘cl alw.iys with gi((n alga(‘ Il is poss 
that all thesc‘ sli <ing(‘ svmlnol K unions haM* loi lluii sii. 
Iu\mcc Lhc‘ solving ol the piobltmi ol obt. lining .id(‘cni 
supplies ol niLiogi'ii 
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The .\bbojpLion and loss of waLei by ilie plant Tlie wato icquiiemcnts 
ol vaiiotib types of plants — hygiophytes and \eropb>tcs The 
process of the transpiration of water by the leaves the stiucLiiie of 
the leaf in i elation to this process the part placed by stomata the 
opening and closing of stomata and the conditions under which these 
movements occur Appaiatiis foi measuring rate of tinnspiiation — 
(PotoincLer) 

Now that \vc liavc coniplcLed our studios of the piopcitics 
of the soil and the boaiing ol these pioperties on pkint-lilc, 
we ha\e to disco\'ei wlial becomes ul the walci and mincial 
substances which aie taken up by the i oot-s> stem 

As a pioliminatN to this woik we piocced to ascciLain 
o\pei imentaH) tiie amount ol wmLci absotbedb^ the loots 
ol vaiious plants The most accuiaLe method is to mcasuic 
absoiption directly, a sim]Dlor way is that given in Exp 137 
134 To employ the fiisL method, gcimmalc mai^e or 
other seeds used m watei -cultures (Exp log) so that the 
roots ol the seedlings giow into a notmal cultuic solution 
Prcpaie two tall glass v'osscls, each provided with a gradti- 
ated sid(‘ tube (Fig ^ 3 ) Fill the \tssc1s with noimaJ 

cultuie solution to wnthm an inch or so of the Lop, liansfci 
a w'ell-developcd seedling to one ol the vessels so that its 
loots aie m the solution Fix its stem m a split coi k 
which fits into the ncek ol tlie vessel By means ol parallin 
01 wax, (Appendix A) make an -tight the junctions 
betw^ecn coik and glass, and coik and seedling Plug the 
side Lube with a wad ol cotton wool to keep out dust 
Wrap black cloth lound the vessel in oider to exclude 
light liom the loots and thus to pic\ent the giowth of 
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gieen algae in the ciiltiiic solution , but lea^e the side 
uncoNCied Fix a thcimomctcr by lubbci bands to 
side tube Piocccd in a similai wav with the otliei vc 
Label the vessels A and 13, place them in a good light, 
continue, toi as long a pei lod as possible, to tahi* < 
lecoids, by leading the IcvtI ol the fluid in the side I 



Pig 23 — ^iM’AUA I us 1 oii MnASuruNG Xijsokim ion 01 \V\ii 
KY Pi \nis 

ol the amount of waten absoibed by the plants Note 
day the temperaLuie ol the an and also the state o 
w'eathcr, flue and biight 01 wet and dull Add 
cultuic solution whenev'er necessaiv 

DetPinnne the total amount ol wMtei absoibed by / 
B, plot the daily amounts on sc[uaicd paper, and 
“curves” ol the amounts of absoiption Obseive 
lelation w'hich appeals to c \ist bctwM'cn wealhei and an 
ot absoiption Since the volume ot watei absoibed b 
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plant dining tlic couise of the experiment is many Limes 
that ot the plant itselt, it follows tliat the water is citlici 
decomposed or else i;i\en oli b\ the stem or leaves 
The readiest method ol demonstrating that water is gwen 
oH liom the plant consists m coveting it with a bell-jar 
and obsei\ing that drops ot w^atei condense on the inner 
sLiilace ol the glass Or w^e ma) use oui plants A and B 
for the purpose thus — 

135 Weigh the appaiaius containing plant A After 
tw'o or moie days w'cigli it again Determine that the loss 
ol weight ol the appaiaius coi responds approximately to 
the w'eight of w'atci absoibed b}' the lOoL dtinng the pei lod 
ol the expel iment 

Next dcmonstiate, in the lollow'ing wciy^ that the loss of 
w'cight iccoiclcd in tlie pieccdmg expciimcnt is due to loss 
ol w'atei by the plant 

136 Alter weighing apparatus B and icroidmg the 
lc\x‘I ol the liquid m the side tube, dose its side tube with a 
Lork and co\er the plant in B with a laigc bcll-jar, undei 
w'bich IS placed a weighed \csscl containing cakium 
cbloiide Tlie urn ot the bell-jai must he seabed l^y wax to 
a flat block ol wood oi to the tabic, in ordei to pre\cnt 
the calcium chloiide, w^hich js \eiy h}grosropic, liom 
absoibmg w^atci liom air entering the bcll-jai liom out- 
side Altci i 2 - 2 ::| houl s iemo\'c the bclI-jai and also 
the coik Irom the side tube, w'cigh B and w'cigh the 
vessel containing the calcium chloiide, by leading 
the le\el of the liquid in the side tube, dctcimine 
the amount of wMtei alisoibcd by the plant cluiing 
the ('OLiise ot the expeiimcnt Obseive tliLit the loss 
ol weight of B IS about equal to the gain in weight ol 
the calcium chloiide Since the inciease in weight ol the 
latter is due to absoipLion of wuaLci, w^e mfei that the loss 
of weight by the plant is due to loss ol winter Hence it 
follow's that the w'atei absoibed by the ioot-s}Stem passes 
up the stem and is gi\'en oil into the air m the foim of 
w^atei vapoui, leaving behind in the tissues ol the plant the 
mineial substances which il held m solution Evidently 
tlieielore one impoitant function of the w'atci absorbed by 
the toot IS to act as a \ chicle foi the carnage ol the 
mincial salts from the soil via the lOot to the shoot The 

K P, K 
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lacL that the loss in weight of plant B (E\p 
appi oxirnately equal to the weight ol watci absi 
the root during tJic same time does not mean 
other piocesscs involving change ol weight aic ■ 
in the plant, but that the amount of change 11 
due to such piocesscs is, during the shoit tim 
e\pci iment, -,iriall in Loinparis>on with that due t 
welter 

The second and simplei method which w'e use to 
absorption is based on the lact, wdneh w^c ha\c jus 
stiatcd, that the amount ol winter absoibed in a g 
by a herbaceoLis plant is about equal to the amoi 
oil as vapour It consists m putting poL-jilants ui 
conditions that evapoiation liom soil and pot is pi 
and then weighing the plants at intci\als Loss ( 
IS due mainly io loss ol watci amount ol loss ol 
approximately equal to amount ol absoipiion 
loss of W'Cight gives a lough measuie ol amount o 
tion 

137 The appaiatus is made as lollow's — Ch 
leafy stindowei 01 dw'aiJ bean plants giown in sn 
Procure mai malade or other jai s, eacji lat g(‘ cmuui; 
one of the pots After wintering the plants thoioi 
tlie siipci Huous vvatei diain <iway and stand the 
pieces ol tile pku'cd at the bottom ol lh(‘ )ais 
a sheet ol Ameiican cloth cut out two ciicuh 
to scive as covci s loi the jais Make a cut m c 
extending from the circumfci en('c to the centie 
centie, cut out a small ciiciilai pic( e to allow' ol 
passing thiough Place each covei m position 
cut edges together by means of stitclu‘s, tuin 
down o\Tr tlic rim ol the jar and tie it himly by 
se\eial tuins of stout thicad Oi the same end 
pieventing evapoiation Irom the soil, etc — may 1 
by getting a tinman to cut out loi each jai' I 
circulai pieces of tin, each notched to enchase 1 
Tw'O such tin plates, wlien fixed by wax to one an< 
to the edge of the jar, make a good co\ei 1 
pots A and B It wnll hc‘ nciessaiv liom tmu t' 
remove the co\ers and add mcnsuK'cl (luanl il k's 
F ioin the senes ol daily iccoicls of the loss ol ^ 
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the pLints, calculate tlic total amoiint ol walei w'liich they 
ha\e given oH dunng the time ol the e\peiiment (('I E\p 

W'e dctciminc next tliat the vvatci giv'en ofl escapes 
mainlv tiom tlie leaves 

138 Alter vv'cighing the tvv^o vessels with their plants 
(using the apparatus either ol E\p 134 or thatol Exp 137), 
lemove about hall ol the leaves horn plant B Weigh 
the apparatus again, replace it and take a dail\ 01 4S- 
hourly lecoid ol its loss in weight Whilst the cut-oil 
Icav^esaie licsh, dcteiniine then aiea (Appendix B) Note 
that the rate ol loss of vvatei hv the plant liom wduch 
Icav'cs have been icmovxd is considerably less than it 
was beloie Remove the lemaining leaves and estimate 
then area Fiom the lecoids obtained, calculate the rale 
ol loss of water per iinil of area, say pci 10 sq cm ol leal 
surlace \\'’e thus demonstrate that the amount ol loss ol 
vvatei, or, as we say, the amotmt of vvatci lianspiied, is 
totighlv piopottional to extent ol leaf stiilace, and inlei 
therefore that the watci escapes mainly fiom the leaves 
Since a small quantity ol vv'ater is also given ofl horn the 
stem, even aftei the piecaution of cov^img, eg with 
collodion, all the wounds loimcd by lemoval of the 
leaves, it may be necessaiv, in making this calculation, 
to deduct the amount ol vvatei given oil by the leafless 
plant fiom the amount given oil by the plant with hall 
its leaves, and from that with all its leaves intact In 
the loiegomg expciimcnt, plant A — with its leaves 
intact — seivTs as a contiol We know tlie iclativx rates 
of tianspiiation of A and B over a period ol many 
days VVe know^ the rate of tianspiiation of A dunng the 
period of the experiment Hence we can calculate appioxi- 
matcly the amount ol water which B would have lost if its 
leaves had not been lemoved, and we aie able to compare 
the late of loss ol B with all its leaves with that of B with 
half, and with none of its leaves Bv continuing to record 
the tianspiiation of plant B foi some days, we may 
obscive that though it is vei}' much i educed, some loss of 
water occurs alter all the leav'cs have been rcmov'cd, and 
conclude that, tliough tlic leaves are special organs for 
allowing of the escape ol water v'apoui , othci pails, pai- 
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ticulaily the delicate green parts ot the stems, may a 
oi\ e oh w'ntei vapoui 

Plant 13 IS now useless loi luilhci e\pciimenL, but pi 
\ should be giown lor as long a period as possible, 
legulai iCLOids ol the late of ti anspii ation made, tabulat 
and the i ecoi d-chai t kept in the muscLim 

Haxing gained precise inloimation with lespect to 
laige amount ol watei taken up and gi\en oh b} plants w 
thin delicate leaves like maize, sLinflow'cr or bean, wc p 
ceed to find out whicthei plants with othei t) pes ol lea 
aie equally spendthiilt of wMtei Foi this piuposc, 1 
any pot-plants the lea\cs (01 stems) o( which aic thick * 
llLsh\, CO Aga\'e, india-iubbci plant (Ficus elaslica), . 
cactus with fleshy stems, a Mesembi yanthemum, or, lail 
any ol these, gorsc (Lnc\ etiiopceus) giowm in pots. 

139 Ha\mg fitted up a bioad, thin-leaAcd plant ( 
eg sLinllowei, in a maimalade pot A (E\p 137), 
m" apparatus B one of the just-mcntioncd plants Del 
mine, b> weighing daily, the lales at which A and 13 1 
w'atei Aitei some days, deteimme the aicas of the lea 
and stems ol the two plants and calculate their t ales 
ti anspii ation pei unit ol area 

The lollowung is a iccoid ol the latc ol tianspi 
tion ol two plants placed iindci similai conditions 
twenty-loLii houis It shows tliat the late ol ti anspii at 
pci 100 sq cm ol suilace was 327 times as gicat 
the case ol H>diangca hoitcnsis, a plant wuth ic 1 aLi\ 
lat ge and thin loaves, as it w^as in that of Opuntia cylindi 1 
a cactus wnth a Heshy gieen stem and no lea\es 

Tj inspintiou pn mo 
sq cm tifiamfiCL 

Hydrringe'i liortensib - 6 gm 
Opunln. cylindrica - - o 20 ,, 

We leain horn those cxpciiments that diffcient kinds 
plants liave \'ei y diheioiU wMtci i eqtiii ements Some I 
w’ater and hence il the) arc not to w'lthci, also tak'c 
watei, much lastei tlian othei s Not only is the loss 
w'atcr pci unit ot suilacc much less in succulent i 
Icathei > -loavcd plants than m plants witli delicate lca\ 
hut also the tolal leal- (01 gieen stem-) sui lace ol the foir 
IS much less than that ol the lattci Since sucli siiccul 
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tUs li\e genet ails in di v situations, ma) Infci tlint 
iL‘cIucti(Mi of SLi! taco, tlic succiilciicc ol tlie leaf 01 stem, 
thick CLiticLilar co\CMinsf ol leathers l(‘a\ts, tli(‘ matted 
is common on sucli Alpine plants as the EcleUveiss 
ontopudiiim alpmum) aic so many adaptations making 
watei economy Such plants find watei cithei haid to 
(dcsei t-plaiits, alpines) 01 haid to keep (plants ol hot 
ntricSj aga\es, cactuses, etc ) 01 both Plants ^\hich 
nage to li\c in such situations do so by definite adapta- 
i of their root-systems and shoot-systems the loot- 
teni ol desci t-plants is olten of c\tt aordmai }’ lenglli 
loots, as it wcMc, going in seal eh ol walei the shool- 
lems display the most divetse adaptations setving to 
lice ihc amount ol watei gnen oil I tom then sui laces 
'SC watei -economising plants aic known as ac/ n/^/iy/es' 
contradistinction to hygi ophytes The lattci aie as 
lavagant in the amount ol watei wdiicli they absoib and 
n off as the lormei aie niggaidl\ 

imong Biitish plants, note that those of sandy soils and 
cr di} situations ate Kcrophy tes, c g f-hc Scotch fit 
uis syhcstiis), goise (Ule\ cuiopceus), bioom (Cvtisus 
pai lus), heaths and \atiOLis glasses which glow m 
n compan\ 

40 . Specimens of these \eiophytcs and also of the 
inionet hygiophytes — broad-leaved liees, etc — should 
collected, compaied, and kept in the museum 
laving learned something ot the water 1 cqim cmenls of 
lOLis kinds ol plants, w'e ne\t enquire how the water and 
s absotbed by the roots pass to the leaves, and how' the 
'es get lid of the laigc quantities ot w'atei wdiich icach 
[Ti A'A'c will fiist consider the latlei question 
clothes hung upon a clothes line in the open air diy soon 
1C weather is bnglit and waim Since, m the couise of 
DS and T37, jL has surely been noted that plants lose 

er more quickb on a biight or warm day than on a ckill 
'Old day, it might be supposed that the loss ot w'alei by 
leaf IS, like that of clothes hung out to diy, due solely to 
poration But, if this w'ere the case, the plant w'ould be 
►gethcr at the meicy ol its surroundings In hot, ch y 
iThcr, wdicn evaporation is high and absoi ption, ow mg to 
ness of soil, is lowq the plant would withei, wilt and die 
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So It i( llu' cliOLii^ht IS piolonj^c'cl , but not will 

iiu‘vi(.il)l('iu‘ss ()1 tiic di\in^ ol clothes in biiglu wca 
I'loiii lh(‘ii l:>L‘li.i\ loin III spells ol cliv wcmiIicm, it luol^ 
ihough [)Lints (lid not gi\c \\\i\ to dioiight uithoi 
stiuggle, .111(1 ih.il, tlioLigli dn’ an t Jiis( s cva[)0[ alion 1 
i lollies and pLints tilik(‘, tlu‘ Lit lei , unlike the lot mei , h 
to sonu‘ extent at ail c\enls, means ol pi e\'(‘nlin£» cxLi 
losses ol \\al(‘i horn iIkmi tissu(‘s We c.in iniitalc 
i(‘sistaiK(‘ of the (Dlant to the last stages ol desiccatuj 
llu* lollowing expeiinieiiL — 

141 \\A‘igh two laig(j saLueis oi basins, lill one we 
known volume ol walti, Llu‘ otlu i with an ccjiial volun 
Liiih sliong sohil ion ol sLigai W'^eigli the v(‘ss(j1s com 
ing the watt I and iIk‘ siigai -solution i{\pose them 
wMiin pLu't, and d(‘l(‘i iniiu*, bv wcughinq, the lates ol 
(lu(‘ to (‘vapoi alion Note ih.il, as the siigai -solution con 
tiales, Its I. lie ol loss ol w'(Mglit kills oil \eiy considcu 
('onsidei now' a v(‘g(‘l.il)l( <(‘11 wnthin its piolophe 
(l)lasmali(') membi.iiie is a \ .i( iiol(‘ ' . r, s 

etc' , in sohilion I'lu losing it is <i ■ } 

((‘11-wm 1I subslaiu'e and pioloplasni eont.iin imbibed ws' 
Imngin(‘a tissue made up ol .i numl)ei ol sue h i c lls expi 
to a di V almosj)hei(‘ tlu' lell-w.ill loses \v.il(‘i by evap 
Lion and wnlhdiaws wmIcm liom tlu* piotoplasm, w-hu 
tmn wulhdiau's w.dtu lioin llu‘ c‘ell-sa]) '1 he C('II 
b<‘< onu‘s moi e coin (‘iili aled, and henc'C its osmotic ptess 
i (* It s alli ai'Lion loi wmI(u , is iiii'icasc'd As(waporn 
pio<e(‘ds, not only is the imbilx'd \v.it(‘i leiii. lining in 
wmII and pioloplasin held inoic' stiongly, ImiI also 
(onccnliated cell-sap, unless it is able to wnlhdiaw \v 
1 1 om neighboLii mg* < (‘lls .ind to become dilute again, oil 
hice the sugai -sohil ion ol oui expeiimcnl, moie and n 
opposition to e\'apoialion Thus w'c und(‘i st.^nd one 
in w'hic h llie plant may lesist exticine desicf'alion Be 
deciding, however, that this is the only method, we i 
look .It the leaf itscT, (or its stun line may throw fin 
lighi on the subject 

On inspc‘Lting vaiioiis lea\es, we ol3ser\e that in n 
of them tliere aie marked dilfeiences between thc'ii 
surfaces 

142. Compaic, for example, fiom this point of 
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Ihc lollowing — beech, elm, liolly, tulip, hyacinth, laurel, 
r'k Note that in lea\es whicii, in then naUiial position, 
he mote oi less hoi i/ontall> , the under side is paler than 
the upper side The suilaee exposed to the direct rays oi 
the sun appeals to be less delicate than the othei/and 
looks as though it would allow w'atei to e\apoiat(‘ fiom it 
less lapidly Wg prove that this is the rase thus — 

143 Take tw'O similar leaves ot the india-i Libber plant 
(Ficus elastica) or the laurel (Piunus Laui occi asLis) Slip a 
piece ol thin lubbci tubing over the stalk ot tadi leal 
Tut n back the tubing, and, by means ol wiic, bind the loop 
thus made so as to block the hole in the tube and to make a 
convenient hook Smear with vaseline the lower side ol 
one leal and the upper side ot the other Weigh each lent 
Hang np the leaves m a lOom, and deteimine, by weighing 
at djiily inleivals, the latcs at w'hich the leaves aie losing 
water. 

144 Not all leaves, how^ever, show this marked dider- 
ence between under and upper side, and il the above expei i- 
ment is lepcnled on the leaves of bet'ch oi broad bean, using 
m ihesc cases sinuhiy branches with equal niimbei s ol leaves, 
no maiked difleiencc betw^cen under and upper sides with 
respect to resistance to e\apoialion will be loiind This, 
hovvev^er, does not aflect the lact shown b} Exp 143, that 
plants wdiich lequiic to 1 educe evLiporation, and yet, at the 
same time, arc obliged, loi other purposes, to cx'pose a con- 
siderable Icaf-sui lace to the hglit, pioducc Jea\cs the upp(T 
SLiilaces ol which hinder c\'apoiation moie than the lower 
Microscopic examination will help us to learn moie as to 
th<' nature of the diHciences betw'ccn the upper and lowei 
SLirtaces ol leaves 

145 " TMount a small piece of a leaf of the fi ogbit (Hydi n- 
chaiis Mot sus-i anae) 01 winter starwort (Callitriche v(‘rna) 
in a diop of water, and examine it wutli low and high 
powers of the microscope Obseive that, in one or other 
or both surfaces, there are Inige numbers of extremely 
minute holes These holes or stomata cannot be seen in 
thicl'.ei leaves w'hen whole pieces arc mounted Therefore, 
in order to examine ordinary, thick leaves for stomata, 
stiip off, by means of fine forceps, or cut wulh a razor, 
pieces fiom the upper and lower surfaces of the leaves of the 
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plants men tinned below , mount each piece in walei on 
slide, and detcimine that, in the india-i libber plant ai 
lauiel, stomata occui onh on the under side of the lea 
whcieas in the bean, beech and tulip they occur on bo 
sides Tlic fact that tlie sutlaccs of leaves aie not ,co' 
tinuous but aie inteiiuptcd by innumci able openings thi ov 
a new Iiglit on the icsults of E\ps 143 and 1^4, and at oni 
sug-gests the idea that water-vapour may escape not on 
from the geneial surlace, but also thiough the stomat. 
This becomes the more iikel}' when we disco\er, by tl 
lollowuncr experiment, that the stomata aic in communic^ 
tion with spaces lunnmg between the gtoiips of cells c 
winch the soft tissues ol the leaf ate composed 

146 . Attach firmly by wire a small piece of 1 ubbt 
tubing to the stalk of a delicate leaf, c g marsh maiigol 
(Caltha paliistris) or wild arum (Arum maculntiim) In 
meise the blade in water and suck at the open end of tli 
tube Note that the leaf becomes daikei gicen ownng t 
the entrance of w'ater thiough the stomata If the sin lac 
o( the leal is fiist smeaied with vaseline, the stomata ai 
blocked and no w^atci cntcis Or, if an an pump 1 
availal)lc, connect it with the side tube of an Eilenmcyc 
flask (Appendix B) containing whaler. Place a dclical 
leal beneath the suilace of the whaler Ha\ing close 
the opening of the flask witli n lubbei coik, exhaust tli 
air by means of the pump Note that, as the picssui 
in tlie flask is i educed, bubbles of air escape fiom th 
cut end of the petiole and watci enters thiough the blade 
Hence the stomata communicate wnth spaces — inici 
cellular spaces — which lun between the cells ol the leal 
Hence also evaporation is possible not only ftoin the sin 
face tissues of the leaf, but also fiom the cells of deepe 
tissues abutting on the an spaces For, jf the air at tli 
surface of the leaf is dry, w^alci -vapour passes by diffusioi 
from the air spaces thiough the stomata Thus the an o 
the spaces becomes diiei, and, in consequence, wnte 
evaporates liom the cell-wxalls, m sboit, the inlei nal cell 
neighboiiimg on the air-spaces lose water the sanv 
process as tliat clesciibcd for the cells on the siii face of tlv 
leaf (p 150) \Vc aie not, howwer, to suppose that thi 
purpose of this system of spaces and of stomata is ncces 
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sarilv to LicilitnLe ti anspiralion Then main function, for 
auijlu \vc know at picscnl, ma} be ol quite anoLhei kind, 
c o foi allowing an to cnculate Irccl> in llie leal Rut 
whtitesci tlicii main I uni tiun ma^ be (^ec p W")!), the fa( Is 
lemnin, that iht'v aie theie, and that, tlieiclorc, 
cannot but seise as channels ihiough whicli \\ alei apoiir, 
gisen oil by the cells abutting on them, escapes into the 
air That \\'ater-\'apour docs escape horn the stomata \vc 
demonstiate thus — 

147 Soak stiips ol Piltei- 01 blotting-papcT in a 10 '"<'1 
solution ol cobalt chloi ide Diy them in a desiccatoi, and 
U'hen not in use, keep them there or in a closch stoppered 
bottle Expose a stiip to moist air, c bicalbe on it, and 
note that it changes colotn Cut oil a leal , place on 
either stdc ol it a strip ol cobalt chloiide paper coveied by 
a sheet of Ihm glass 01 mica, bind the glass close to the 
leaf by means ol rubber-rings, lay llic leal on a clean 
table and covei it with a bcll-jar 01 glass dish Obsctve 
the change of colour on one 01 both sides ol Llie leaf and 
dcteiminc that stomata occur, in the one case, on one side, 
and, in the other, on both sides Instead of being cut ofl, 
the leaf may be lelt attached to tlic plant duimg the couise 
ol tlie expel iinent 

148 " If a miciomctcr is available, deteimine (i) the 
number, (2) the size ol the stomata either on stiips liom 
the sLii faces ol the leaves or on the whole leaves of 
Exp 1-15 It may thus he shown that the number 
of stomata in a leaf is almost incredibly large, ranging 
geneiady horn 100 to 700 pei sq mm of leaf sui lace 
i c liom c;o,ooo to over 350,000 pci squaic inch The 
size of each stoma is as small as the nuinbcr of stomata 
IS laigc on the average a stoma is about 0006 mm in 
diametei , / e. 000024 inch 

Out disrovety that tlic sui face of a leaf is 1 iddlcd w'ltli 
holes of microscopic size is a fact which has evidently to be 
taken into consideration in studying the mode by which 
water IS given off l-)y giccn plants As wc ha^c pio\ed, 
the watc/losl bv the leaf escapes in large mcasiiic not horn 
the genet al surface but thiough tlie stomata Now, when 
wc were cv:amimng these poics (Exp 145), we could 
scaiccly fad to notice that each of them is bounded on 
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L'lthci sicic !)\ (i‘ll, [he sluipr ol whwh is clilf< 
LliaL of oliuM Lclls (^1 lli( sill tell c (ipiddi 

leal "1 lie ( elis wliiili ( lu (inipass Mu sioin.iial 

called Liai (!-( c Ms In sinl.nc \ k w , t at h j^ii ii 
pcai s nu)i<‘ Ol 1 < ss saiisaL;e-slia[)( (I I lu i^iiaid 
I he ill i tilt I |)( ( Liliai ih lliaL, w Inlsi llu \ an t onn 
one aniitliLi at iheii ends, i 1 h\ an st painted 
middle line, the ( U 1 1 hi l\\ (‘i n 1 In ni irt-aist iliii me; I 
Ha\on^ ohlained rin idea ol lli(‘ naliiii ol sii 
then ij;iini cl-( <dls, we iiliiin lo oiii piohhm 
watm by thi leal nii'K b a inallti ol < v ajioi at ion, 
plant — ^ais w e siispi I I somi powei ol i(e;idatin‘ 
1 he only pai ts ol tin a j)p 1 1 at ns ( oni i i m d in t hi 

ol waU’r liKi ly to In* imd( i tin i ontiol oi the pl.i 

sloniata No\s', slomala an hoh s slits helm ii 
the jdanl i oiild loiiliol tin si/(‘ ol th< stomata 
amoLinl ol w al(‘i -\ aponi esi apini; ihioiinh ihtm i 
haps b<‘ ic‘dn((d m 4irnonnt Ihil il tin siom, 
( hani;e^ to , b't y < an do so onl\ In i haneii m 

Ol si/c ol ihe e;iiaid-( i lls 'I hi i( Ion , w< ha\i I 

the giKM tl-c i‘lls li\e<l m position oi .in iht v nio\ 
\Vc know/ aliiMtlv that a i < II, \\h(n i( h<‘i oni 
inciCMSCs m si/( , and (li-il, when it is pl.isii 
shiinks \\ ( piotiid Id 4is((il4Mn whilliti 411 

mvoK'ine; i hane;( in Ihi sioin.il.i, oiiiiis when < 
4ii(‘ I ench 1 1 d t 111 i;id 01 \^ In n t hi \ .in plasinoh sis 

149 '* .11 ! ' \p I ] ^ on sill I.K ( “S( I lions o 

Ihiitl(*s( ant i.i Ol olhii I OHM mini phinls 
The U'asn's ol tin follow me; i)l.inl s sei \ e w 1 11 li 
lions on stomata, ^is tin epidiimis may hi lemi 
by the' aid ol loiiips Ihimiil.i smimsis, ih 
eonica, 'I lop.ieolmn imijns, Pi l.iie;onmm /oimli , 
annuLis, I iilip.i, \h( 1,1 h'ah.i 

Note* llmt vvlu'ie.is, wh(‘n tin 'tie m w.itii, (I 
are lai 01 , as w'e m.i\' s*i\ , open, u hen .1 10 s: 
IS iLin in ihi'v hei omf small, lii.il is, thi s < lose n 
that tills ( h,ine;i‘ is idU i led \)\ a i h 4 im 4 e m shti] 
of tin* i;iiai d-( ( IIs ‘\ loinplili mulei si .inilii 
merhanns of this leimnkabli movemint of j 
mvoK'cs .1 del.iiled sliidv ol tin 11 stun tnii , .1 *■ 
\yhich u'e ( .innot now ( mh.n k { lhl)ho«^iapln , c;, ' 
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Knowino that stomata aie capahh ot being incicased or 
Iccieascd in si^c, \\l ne\t enqune whether the) actiiallv 
iiange in size dniing the lilc ol tlic plant, and if so, what 
re the eondihnns which dcteimine the moxeinents ol the 
uard-cclls bN wlneh the opening and shutting aio cllecLed''" 
Vc theieloie iiucstigalc the state ot the stomata in plants 
/liK h ha\(‘ been subjeetc'd to diveise ( onditiuns, e g biighL 
ght, darkness, di)^ an, moist an, lack of Avater at the root, etc 
To make the obscnalions, we i(.C|Line a bittci method 
lan that employed m E\p 145, though the plants used m 
lat c\.peiimeni will sci\e adiniiabb The nietliod we use 
, as lollow s — 

150 " E Kpose gi owing pot-plants lor an houi or so (i) 

) i:)t ight light, (2) to dai kness, (3) to dr\ air (see E\p 13b), 
ncl also cut oil lca\'‘es and allow' them to v\ithcr Thiow 
1C leaves treated m these waNS into bottles containing 
bsolute alc<diol , stoppei and label each bottle, expose 
le bottles to sunlight till the Ica\es aie colouiless Tinns- 
‘r the Ica\es to anothci bottle ol absolute alcohol Alter 
n hoiii , take them out and plunge them into a bottle 
:)ntammg xylol W’hcn the leaves are l mspaient, mount 
nail pK'ces m cedar wood oil and examine undei low and 
igh pow'cis ol the micioscope Conclude Irom the expcii- 
leiU that the stomata ol the leaves of many plants close 
i dai kness, m diy air, when the soil is diy, and wdicn 
le lca\'cs wnthcr, and that, on the contiaiy, they open in 
light light and in moist an 

It IS evident that ccitain of the conditions w'hich make 
)L the closing of stomata are conditions iindci which loss 
winter by evapoiation tends to become exxessive, c g- 
y air On the olhci hand, it is not evident that 
inngc fiom light to dai kness — aptii t fiom attendant tem- 
jraUiie < hange — lesults in a icduction ol the rate of 
/apoiation Let us ascertain, thcrefoie, w'hclhci change 
om light to darkness produces any change m latc ol loss 
W'alcr b) the plant ff it does, w-e shall be justified in 
)nclLidino that the opening and closing of stomata serve, 
some measLiie, to icgulale ti anspiration We shall not, 
owever, be justified in concluding tlial this js the piimaiy 
gnificance of these movements For, as we ha\e siig- 
isted already, the stomata are not metely concerned with 
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transpii alion, bill tilso willi c\( lianot ol oasis 1 
plain and an, and it may well bi lliat the ()piniii;j 
stoniaLa in the liolil and then (losing in Llic d. 
LoiKCinccI pi until ily witli i!k‘ i t'jjj illation ol < 
chaiii^e, tind onh' indiiecth witb ti anspii .ition 

In o;d(M to iincstioatc tin cdki t ol n\(t‘inal ( on 
light, daikncss, etc, on llio i.ite ol lianspiititi 
reqmie a more delicate apparatus tlnin that used i 
13^ or E\p 137, though [or cm lain iinent* 

I i;;3 and i c;4) eithci ol thosi may be < mplnyu 
pi incipic on which oui more tlelu tile method is b 
tis lollow's — 

151 . The ititc ol tianspiiation by tin liei])tU lOiis 
about equal to the late ol absoiplion (p r J-S)* *^i 

w'atci absoibeci passes 1 10m the lool (o the lisnes, 
pass thioLigh the stem rhcicloii , il \vr rnniui 1 ll 
ot a li\ mg plant with a nariow lube, we m.iy b(‘ .ibh 
the W'atci ptissmg up the tube and to mumsuii the 
w'hicli It passes Such an appaiatus, c.illid .1 pol< 
may be ol one ol se\eitiJ foinis rii.it shown in I' 
and designed by Piolessoi Farini'i, consisis ol llu 
mg paits — A widc-mouthed liollli' w'hi( li is filled 
I ul)ber coi k piei ced w'ltli thiee holes, th(‘ niiddli* lioli 
just large cnougli to tidmil ol lli(‘ i)ass.ig<‘ ol the 
a l.iii-si/ed ictil} bianch A ihislle IuiukI pi()\id(' 
a stop-cock is lilted into oni* ol the othei lioli s, .11 
the lliiid, .1 bent Lui)e ol n.iiiow l)oii‘ is ptissi d, so ll 
end IS Hush with the inmn siii (ate ol lh(‘ ( 01 k 

Another type (Pig 25) — the* oiiginal foim devi 
Piancib Daiwm — consists ol <i gkiss tiib(‘ w’ltli 
limb, to the licc end of wdin h ti siioi I [ikk oj 
I Libber tubing is attac lu‘d sKUith I)^ wiie 
blanch ol the pkiiU to be list'd m tin* expt'im 
passed thioiig-b the iubl)ei tube* into the hmh ol llii 
\osscl and fixed fiimly i)y wore w'ouncl louncl the 
iLibmg When in use, the uppei t‘nti of the sti.ugl 
js closed bv a v\cn-nt[mg roik, and llie lowi't imuI 1 
wuth a iLihbci coik with one hole, thiougli wliith 
a glass capillaiy tube ol nlDOul. five 01 six int Iks in 1 
In setting up citbci apparatus, the lollowung pitt. 
are to be obseivcd * — 
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(1) CliL ofl tlic blanch under water, eg b> bending it 
down beneath the watei eontaincd m a hesin oi pail 

(2) Keep It (oi some hours with its cut end under watei, 
c g if a lauK I blanch is used, cut it off in the eveming and 
us(' It tlic lollow'ing’ morning- 

(a) Ketoic ft IS pul into the potometer, remove a sboi t 
long til (I inch) ol tlie cut end by means ot a shaip razor 
(makino the cut imclci w-atei) 

(4) When ins(‘iting the branch, Fill tlie potometci with 
w^atei and submeige it in a sink 01 pail filled with w^atci 



Tig 2 1 — PoioMni k (Ai ri:R Fakmcr ) 

A, fuiHiel wall stop cock (II) , C, gliss tube of narrow bore, S, SLalc , R, rubbei coik 

(5) l"ill a Lumbiei vMtli w'aLet, inseit the cut end ol the 
}ianch in the tumbler, caii} it to the sink, submerge llic 
Limblei and tiansfei the bianch to the polometei 11 the 
:)ottle“potometei is used, submeige the rubber coi k and 
:)ass the cut end of the bianch through the middle hole so 
hat, wdicn the coik is inscilcd in the neck, the bianch 
:)iojcets into the bottle Pi ess the coik into the bottle, 
dose the stop-cock, poui winter into the thistle liinncl, and 
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III I lIic appnuiUis oul ol the w'aUi See that t! 
l>il\\Len c (M k and biaiuh is i^oud i! not, di\' I 
and make the |oinls aii-ti^ht \\illi \\'a\ ( \jDj 
Plae(‘ the «ij')pai aliis in a Ljond lii;hL and li\ a s< 
the iIlIiiow (iil3L, oi mak( (3n it india-ink n 
(listanee ol iIiilc oi moic ini Ik s lioni i>ne anot 
II llu‘ tul3(‘“polonK t( I IS Used, sul)nuii;(‘ il, an 
I Iu‘ ( Lit e nd ol the hi am h 1 1 oin < ontai I \\iLh«iii 
biaiuii thioui^h the iiibbci liiliini; , unii it b\ i 
luinsol I Inn w 11 e p.iss(‘d loiind Iht'iiibbu liibin 
tlie joint has b( ( n made' i^ood, push in ihe < o 
|1 k‘ lapillaiv tiilK‘, ( Ol k Ihe uj^pL i < nd ol ih 
linib, lilt llu appaialiis oliI ol tiu walei 

il in tiK ekiinp ol a Kloit sland -Ndjiisi I h(‘ ap 
llial llu Ii ( (‘ (Mid ol I 1h‘ I apillai V ( Lib( jus! dijis ii 
i^Iass \(‘ssel (onlainint; \\'al( i *ind sl*indinj 4 r 
blo< k o( \va)od Mrik(‘ Iwo india-ink' maiks a 
imhesapail on the lapillaM' tubi 

Oiu ad\'anlai 4 t ol tlu bollle appaialus is !l 
list , an may bt‘ pi(‘\'(Miled liom at ( unuilatiiiLj in i 
loi u'luMi an has piissi d sonu dislam i 
nai 1 ow lube il may bt' di iv( n bai k by lui nniL; tlu 
.111(1 allowing v\Mt< I 10 t‘nl(‘i iht* \ess(l lioin 
funnel WMkmi not in lis( , aUat h b\ nuans ol 
jLibbii inbine;, .i b( nl j^Iass liibt lo lh(‘ (lee ( 
naiiow !iib<‘, and allo’w ils ( ml lo dij) m waP' 
to pi (‘Vi nL 1 he (mi! i am t ol an 

lo use th(‘ lul)(‘ ajip.iiatus, shj) away tlu w 
iiMnov(‘, by nuans ol blol I int^-papei , a dio[) ol \ 
1h( liei' LMid ol llu iMpilIaiy lulu so as lo adn 
biil)ble ol air, leplait' the vessel and bloi k so 
ai>ain (Milei s rinu , by means of a stop-w alt'h, tl 
ol the air bLil>bl(‘ fioin llu‘ loutM to llu ujiptM in. 
lIu‘ tinu‘ Admit anotlun an bubble, itpeal tl 
and so on 11 the biam h is losing w.iUi i.ijudl 
ol passaf^(‘ of the bubbh s is \ tiv last, and a f(‘ 
suni('f‘ lo e;i\(‘ lo OI 1 :! i(M(Iini;s 

WHu n Ihe bol I It -polonu Km is usimI, llu (Mid of 
c'oliiinn in llu* naiiow lulu* is lolloucd aiul t 
lak(‘s lo pass 1 1 om maik to maik i((Oi(li(l li 
iiai'k by openmi; tlu stop-totk and adniiLlin^ 
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)ttlc riuis a senes of icadincr;^ obtained An 

ye oL the sei ics y i\ cs the 1 ale at w Inch w ater is passing 



Fig 25 —PuiOMrrcR (Seep 156) 

C, capillaij' tube , S, bLulc, U U, lubbei cuiks, k, rubbei tubiug 

h( cut CMul ol the Stem, and since, as we ha\e shown, 
ate IS, ocnciall_\, piopoiLional to the late of tianspira- 
oui potoinctei yi\cs us a measuie — albeit an indiiect 
-of ihc tale ul loss of water by the Iea\cs The chiel 
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valu(‘ (►! Hk‘ .ip[)Jl dills, ll()\\C\L‘I, lies III ils 

<|iiu k compili al !\ < molds in slk li ( oinpai iso 
assLinu tlini, il Liiuk'i oik‘ s< L ol cii l iinisLiiH t s, 
pass, oil l1i(‘ n \ e ! ai;t. , t w u i as qiiK kly as iind< i 
lli(‘ i alo ol li .iiispii a lion is Iwkc as i^ical iii ih 
iM lh(‘ latti i ( II ( iiiiisiaiK (‘s I h< i<‘(oids 
li *inspn atioii now lo !)(. Likiii should be ac ('o 
Lc mpiM aim c-i ( ( oi ds 

152 !•: \j)ose the appaiatus in 1h(‘ window 
lecoid llie an K nipei aim i , taki‘ a scihs ol ic 
di‘l( I nunc the a\ v\ .1141* 1 aK al w'Iik h wmIi 1 is pa 
Ihe c;iadiiaitd lubt lianslei the apjiai.ilus I 
and SI I II in .1 biei/N, shad\ jilai ( , allt 1 a 
lak«‘ a s( I a s ol k .idini^s h-\j)os(. il in tlu' op( 
sLinlic;h(, and, «ilUi an inl(M\al, nitdvc anollK 
ii^ithni^s l\<‘pla( e il in Ms oiii^inal posilion, , 
(jiiailiM ol an hour, Like usidin^s f^il it in .1 
I( a\a‘ il loi about hall an houi , .nirl !n,ik<‘ <1 si i le*- 
I h( pLiiil ina\ bc‘ siitsiud lioin the lii^hl (e i 
iis( d in ii^itliiic; the ial(‘ ol passiii^i* ol the bubbi 

153 hit <i small l(«ily biaiich in thi‘ lubi 
having Likim a s( i i(‘s ol 1 eadmt;s m oi dmai v ai 
biaiu'h wilh a bill-jai, jnovided, il not oil 
enom^h, wilh a “ Houik ( ” ol nki/id calao M 
llioioNi^hlv nioisl, e i; by s\i!nL;ino waUi unci 
jat (.ookIiiil; w'iIIiiil; ihi lea\(s) kbi'oid 

lx ll-jai , and a 1 1 ei an iiUcm s al l ak(‘ a sc 1 ic s ol 
01 cItiLii y an 

154 1 bivini; (Il i(‘il ihe lit 11 -jai , i ejiku c il o\ c 
and pul Lindei Ihc j.n a lai^i dish conlaini 
< hloi idi* J'akc* i t'adin^s, one sc 1 les a I oiu'e, ai 
about hair an houi 

1 hi‘ ( OIK lusions which w(‘ diaw lioni ihc !(‘ 
loi(‘^oin|n c\p(MnK‘n(s aie as lollov\s In the 
eoiuhlions w'hic'h f*i\oui (\apoialioii la\oui ti 
(I'\ps i and fc;j) In Ihc second place, li 
decKMsc's m (kukiiess and iiicicasc's in ht;ht, 
fact lhat the tcmipei aim (“ nKi\ be consickial) 
the dailc 100m than in ihc opem an is in [ku 1 
foi Ihe lowei lalc ol j 1 anspii .ilion in llu loimc* 

Heaiint,'- 111 rniiul ih.il the sloinala ol many j 
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jn daiLncbS aiid open in liylu, lhai Lhc\ ma\ ('lose in di v 
an oi \\ h(*n the plant is dn at the io(jt, and that llie\ 
up(^n under cii ciimslaiKCs m which e\apuralion is i educed, 
we may conclude that, though ti anspii ation is set up as 
the result of cxapointion of watei -v apoui Iiom the aii- 
spaccs suiiounding the cells ol the leal, though it is 
hastened b} conditions whii'h las our cxapoi ation, and 
checlvcd bv conditions whi(.li hinder L\aporation, tin pio- 
cess ol ti anspii ation is not a meic exaporation I or, on the 
one hand, the h\ing (ells resist desiccation aulomatR all) , 
as they become diier, so the contents ol then sap cunf'cn- 
tiate, the osmotic pressuic increases, and watei is held 
moie sLiongh On the other hand, by the opening and 
closing ol Its stomata, the plant regulates to some e\tcnt 
the talc of loss of w'ater i\s the guaid-cells lose w'ater , 
they deciease in size, change in shape, and come ("losci 
logUhci, so tliat the stoma bcL\s ecn “them made smallci 
II watiM' IS supplied plentil iilly, h\ wetting a 

leal, the guaid-cells become tuigid, the stomata open, 
and the latc ol ti anspii ation tends to incicasc W hethei 
the piime pin pose ol the mo\Tment ol stomata is to sccuic 
this laid, Ol wlicllici this is a secondaiy matter, wc cannot 
decidi* It may be that, as the plant loses watci , it bcijDmes 
impoi lanl loi it to shut down all its activities, and that 
the closine of the stomata scives to secuie this end by 
1 educing the late of gaseous exchange between the plant 
and the air 



CHAPTER X 


The passage of water from root to leaves the channels folio we 
the LianspiraUon cuireni water conducUng wood and skeletal v 
The causes of the ascent ol watei Phenomena connected will 
absoiption of water root pressure bleeding e\cietion of w 
water- pores (hydathodes) 

Our pieviOLis studies have taught us that of the vv 
absoibed by the root hcur-cells,’ some passes to neighbc 
ing h\'ing cells and, absorbed osmotically by them, ( 
tiibutes matei tally to the increase of weight manifested 
the growing plant The watei used in this way is, h 
c\oi, but a small pait ot that taken up by the root 
tai the latgci pait of the watei absoibed tia\cls, 
we know, liom the loot to the lea\'es, whence it pat 
into the air in the foim of walcr-vapour The stiean 
water which passes through the plant we ma} call 
tianspnation cuiient, and we lequne to learn what nie 
channels along which this cm rent tra\cls in its pass 
fiom the loot to the lca\cs 1 hat the trnnspiiat 
cuirent passes along definite channels ^\c demonstrate 
the lollowmg wa) — 

155 Dig up one or two well-grown seedling bean 
pea plants, wash their root-systems fiee liom earth, 
dcioss the main lOOts, place the plants with their roott 
w'ater in which is dissolved some dye, c g eosin or 
ink, and leave them exposed to the light till the cok 
ol the dye is visible in the “veins” ol the leaves £ 
also, it the plants are in bloom, in those of the flowc 
Cut the root and shoot of one specimen transversely r 
a sei les ol pieces, examine the cut siii laces by met 
of a lens, and deteimine that the d}e has travelled 
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the stem along definite tracts Note that the position 
of the stained areas is not the same in the root as in the 
shoot 

156 ’*■ Mount tiansverse sections of the stem in \vater or 
dilute glycerine, and examine them mici oscopicall) Note 
that the tracts along which the dye has passed' contain 
what appear to be largish spaces, each surrounded by a 
taiily thick and stained wall Observe that the dve which 
stains tlic walls o( the rclatnel}' w'lde water-channels is 
absent tiom the cellulai tissues ol the stem By means 
of similar cross-sections, follow the couise ol tlie d^e liom 
the shoot, thiough the leaf-stalks to the “\eins” ot the 
leal 

157 Cut the root and shoot of the second plant length- 
wise, proceeding caiitiousl} fiom below upward, and tiace 
the longitudinal couise of the dye By the aid of the 
micioscopc, obsene, in thin longitudinal sections, that, 
whereas the tissues of the part outside the stained areas 
are made up of minute cells, those in the stained areas 
contain long and wide tubes, the walls of which arc 
curiously thickened in an annular, spiral 01 other regular 
manner These dead elements aie, as the dye indicates, 
the channels (vessels) along which the watei passes to the 
lea\cs On tracing them Lowaids the leaves, the vessels 
aic found to connect with similar, smaller groups which 
lun in definite courses through the leal-slallcs, and are 
disLiibuted in the ‘veins” throughout the leaf Some idea 
o( tile length ol individual vessels may be obtained in the 
I ol low mg way — 

158 To oidinaiy leaf-gelatine add so much water that it 
remains liquid at about 35 ° C , but sets to a solid mass at 
room lempeiaturc Colour the fluid gelatine with eosin, 
and pour it into a tall jar, c g a measuring vessel, stand 
the latter in a laigc beaker or saucepan containing w'ater 
which IS kept at a temperatine ol about 40 ° C by means 
of a bunsen flame Plunge the cut end of a leafy bianch 
below the surface ol the gelatine, and leave it for an houi 
Remove the vessel containing the branch fiom the beaker 
of hot water, plunge it under a tap, and allow a stream 
of cold water to fall on it so as to cause the gelatine to 
set When the branch is cooled, take it out of the gela- 
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tine, cut iL long^itLicIinulh', and clctCMiiiinL the Icngtli 
the stem along uhicli the gelatine ma) be tiaced In 
much ab the gelatine is fiee to pass into the open ends 
tlie \ebsels exposed on the cut surface, but cannot p 
acioss the end walls of tJie vessels, we obtain a lou 
measLiie oi the length ot the vessels in the plant on wh 
the experiment was made 

By mote accuiate methods it has iDeen demonstrated tl 
the length of vessels vanes vciy considei ably in dillen 
plants Thus, in tJie oak, thc> have been estiiuatcd to 
2 metres 01 moic long, in species of fig (Ficus) they lan 
fiom 10 to 66 centimeLies, whereas the muLh shoi ter cc 
ducting elements (tiacheids) ol the Scotch Fu (Pii 
svlvesLns) aie only about ^ mm in length 

159 . \\MiiIsl llie pievious cxpeiiment is going on, t 
off two similar branches, c g of lauiel, stand one w 
Us cut end in water, and plunge the cut end ol the otl 
beneath the suiface ol melted coco-butter Alter abc 
quarter ol an hour, lemove the bianch, cool its cut ei 
make a ficsh cut about a quartci ol an inch Irom L 
exposed surface, stand the bianch with its cut end in wal 
in blight light, and obseive that,ow/ing to the vessel havii 
been blocked by the coco-buttei , the lea\ es withei lai soon 
than those ol the branch which w-as placed at once 111 waK 

The conclusion that water passes thiough tlic caviti 
ol tlie vessels may be venfied thus — 

160 Set up a wxK-giown bianch ol sunflowxn (He 
aiUhus annuiis) or Jerusalem aiLichokc (H tuber osus) 
a potometPi (Exp 151), and determine its rate of trar 
piration Fix the middle of the bianch in a vice and sctc 
the lattei so tightly as to compiess the stem and hen 
Its vessels Obseive that tire late ol ti anspii ation la 
off veiy markedly Release the stem from the vice ai 
asceitain that the rate ol ti anspir ation increases 

The microscopic examination of the ct oss-section of tl 
bean stern of Exp 155 showed us that the vessels a 
distributed in isolated gioups 

161 That this IS not their distribution in older sLen 
vve recognise by observing with the aid of a lens the ci 
ends of two-, three- and more \ ear-old blanches of vvooc 
plants, e g trees such as lime, lilac, etc In these plant 



THE IRANSPIRATION CURRENT 


165 

the wood toims the i,ncatei part ol the stem, and tlic 
\essels, uhich make up the laii^ei part ol the wood, are 
seen to be dislribiiled uniloiml) Lliioughout the wood\ 

USSIK‘S 

The process b\' wliich the wood is inci eased liom isolated 
sttands to a solid e^lindei may be studied in text-books ol 
plant-anatomy (Bibliography, 5, 6), but, bv comparing the 
cut sui laces ol one-, two-, and thice-) eai-old bianchcs 
wath one another, we obsei \ e that each }'ear a new iing 
ol wood IS loimed on the outei side ol the old ring VVe 
note luilhci, that ihetc aie lairly sharp lincsol dcmaication 
— the annual iings — between each } cat’s wood and that 
of ptCLcding and successive yeais With a good lens, or 
by micioscopic examination ot sections, obsei \ c that the 
appeal ance ul these concentiic annual rings is due to the 
lact that the vessels which are the last to be foimed in late 
summci ol one >car are thicker-walled and have smaller 
cavaties than those which arc the fiist to be lormcd in the 
spimg ol the ensuing year We conclude that m oui native 
peicnnial plants, which possess wcll-maiked annual imgs, 
It IS possible to deteimine the age ol the tiee by inspection 
ol the SUI face exposed by a cioss cut Though we cannot 
now study tlie question as to tlie cause ol these marked 
dillcicnces between tlie wood formed in spimg and that 
lormcd in late summei, we may remaik that it is only in 
regions like oui own, in which vegetation is subject to a 
distinct seasonal check, tliat the wood shows well-maiked 
annual i mgs 

Olu main object m tefeiring to this mattei is to ask our- 
selves the question, whether all the vessels ol tlie wood are 
capable ol conducting water, or whethei this task is dis- 
ehaigcd by certain vessels onlv The lact that theie aie to 
be seen hollow trees, such as willows, which hav'c lost much 
ol Lhcir oldci w'-ood — that nearer the centie ot the trunk — 
seems to indicate, that at all events in such plants, the 
3''oung wood suHices tor w'ater-conduction The first step 
towards an answer to this question we make as follows — 

162 Obtain four, similar, leafy blanches ot some tiee, 
€ O' oak, elm, etc , and stand them with their cut ends in 
water coloLiied with cosin 01 red ink Having formed a 
clem idea ot the extent ot the wood by inspection ot the cut 
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sui faces, icmo^'e a iing ot bnrk Irom Llic stem ol o 
specimen (No. i), avoiding- LUlting into the 3 0ung woe 
Slip a lubber band aiound the stem ol No 2, and, usi 
the edge ol the rubber band as a guide, make a ciku 
cut with a shaip knife into the baik and young woe 
In No 3 make a similai circulai cut, but so deep tJ 
only the oldest, central heait-\\ood lemains intact IMn 
no incision into No 4 Asceitain, by the poLometci meth 
(E\p 151) or by oljserving tlie lales ol vvitheiing ol t 
leaves, what parts ol the wood aic conccined specially \vj 
water-conduction 

By means ol such e\peiimcnts on dilJcrcnt plants ’ 
dcmonsti ate (i) that the paits ol the stem ex’teinal to t 
wood aie not concerned with the transmission ol the wat< 
current along the stem , (2) that the }Oung wood is spccia 
concerned with w'atci -conduction , (3) that the oldei wood 
such tiecs as oak is incapable of conducting watei, thoui 
m otheis, c g lime, it aids the voting wood in this wor 
In those tices, the old wood ol whicli has ceased to ser 
the purpose ol watei -conduction, it may be noted th 
maiked dillerenccs ol coloui, etc , e\ist bet-^veen old ai 
young wood, in these cases, the dillerence between young 
splint wood (albuinum) and older hearMvood (duiamen) 
made visible It will be c\ ident that though Llie hcai t-wo( 
ol a gnen tice has ceased to conduct watei, it nevcrthele 
may play an impoitant part in acting as an intein 
^^keletun to the tiunk, and thus giving it the powei 
resisting the shearing action of wind and pioviding 
suppoit foi the cv ei -increasing ciown of blanches whu 
the tree puts forth Though we aie not now making 
thoiOLigh study of the stiucture of w'ood, wc must satis 
OLii selves that the woody tissue docs not consist c 
clusiv'el} ol vessels, but contains other elements, son-ic 1 
which may be shown by appiopnate tests (Bibliogi aph} , 
to be unlike the wood, not only in size, but also in ll 
lact that they contain living piotoplasm and also reserv 
substances, such as staich 

Wc are now able to picture to ourselves the wate 
conducting system of the plant Below, in the soil, ai 
the root-hairs, the organs lor the absorption of w^atc 
The inner walls of the root-hair cells adjoin those ol tl 
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cOLtical cells which ahsoib, acioidmg to their osmotic 
capacity, water tiom the loot-haii eclK and become tuigid 
1 lie inneimost roitical cells are in contact willi others of 
the decpcr-Iving tissues, and these, in tuin, abut on the 
\ess(ls In Its }Oung stage, a vessel, which is tormed liom 
a longitudnial row ol cells, is a living element, and, lihe 
all h\ mg cells, contains osmotic substances Hence water 
passes b} osmosis into the developing vessel The con- 
stituent cells which aie loiming the vessel increase m 
length, their cross walls disappear, their long itudinaJ 
walls thicken, become hgmfied (\vood\), and aie lendeied 
rigid by the bars or iings or spiral bands of w'oody 
substance lormcd, as the last act of the piotoplnsm, on their 
innei sui faces Thus, the completely developed v'essel is 
full ol watei Each such vessel of the root connects above 
with a similar older v^csscl, the cavities of the two vessels 
being separated onl) by a thin membrane which constitutes 
the end walls of the two vessels Across this membiane, 
water and dissolved substances pass readily If we 
think of the plant as it grows horn the seedling stage, 
wc can piclutc new vessels filled with water being added 
m loot and stem by the dev^elopment of lovvs of cells some 
distance behind the growing points, and hence we can 
imagine continuous columns of water in each of the longi- 
tudinal senes ol vessels which extend liom the \'eins of the 
leal, thioiigh the stem, to the root Now^ it has been shown 
that a coni muous column ol w atcr, such as we ha\'C imagined 
to exist m tlic longiLudinal senes of vessels in the plant, has 
v^cry remarkable propeitics Even though it is subjected 

to a consiclcM able pull, the column does not break Wc 

know that, in the plant, water is evapoiatmg from the 
intcr-cellular spaces of the leav^es into the an, and that this 
ptocess sets up a chain of cv^ents, resulting m the vvith- 

diawal ol watei from the vacuoles ol the green cells 

Hence the osmotic pressuie of these cells is increased, and 
they vvithdiaw water from the colouiless cells with which 
they aic in contact The colourless cells, abutting on the 
vascLilni elements in tlie veins ol the leal, Libsorb watei from 
these elements But as we have pictutcd the conditions, 
these vascular elements contain the tops ol continuous 
waLcr-cohimns, which extend through the stem to the 
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root As ualoi is lost abo\c, one oi two things must 
liappcn, LMthei the watci -LoUimn must bicaU, or the 
column as a whole must be hauled up It can be shown 
cxpciimentally that such a column does not bieak, cmu 
when subjected to a \ci} consideiabJe pull Hence wc 
mas' ml Cl that it is hauled up bodily Thus it ina> be 
in this mannei that the ascent ol w'ater is ellectcd e\(*n 
in gieat Liees, such as the Eucalyptus oi Austiaha, oi 
the Sequoia ol W^'estei n Ameiica, which reach a height oi 
about 300 leet 

It should be noted that w'c do not oHer piool that this is 
acUiallv the mode by which the ascent oi wvitei is eHcctecl, 
we may, howcwci, adopt it as an hypothesis to account 
foi the lact — wdijcli is one oi the most icmarkablc in the 
whole lange ol plant-physiology — that a tree is able to 
haul up large quantities ol watei to a \ciy gieat height 
Although It must not be legaided as a model illustiating 
the mechanism of the hit oi w'atei w'Jiich takes place 111 
transpn ation, it is none the less instuicLi\e to make an 
appaiatus wdiich show's that, wdicn watfu is evapoiating 
horn a suiface connected wiLli a w^atci-column, a ronsidei- 
able “pull” IS excited P'ot this pm pose we proceed as 
follows — 

163 Soak a piece of paichment membiane in watei and 
Tic it tightly o\cr the wide end of a thistle lunnel Fill 
the lunnel complclcty with boiled \valei, and, closing the 
nanow end w'lth the (ingci, stand it wnth the wnde end 
uppermost in a disli containing mcictiry Place a scale 
behind the apparatus and iccoid fiom day to day the 
height to wdiich the meicury is lilted in the tube as a 
result of cvapoiatjon of watei Irom the sm face of the 
parchment 

164 A beltei apparatus, but one that lequires a little 
skill to const! uct, is made by causing plastei oi Pans to 
set so as to form a layci closing the mouth of the funniO 
The apparatus is filled with water, and in this, as m the 
pievious experiment, it is important lliat the water used 
should l^c lendeied by l)oihng as free fiom air as possible, 
since the air contained in unboiled water, being libeiatcd 
as evapoi ation proceeds, accumulates beneath the suilace 
of the plaster and tends to break the continuity between 
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tlic water 111 tlic plastci and that in tli(‘ tube That the 
tianspiiing plant e\ei ts a similar pull ma} be clcmunsti alecl 
in a similar \\a\ as (ollnws — 

165 Cut a branch lium an aetiv el) -ti anspii mg plant 
and stand it for some hoiiis in watci Fit it, b\ nuans ot 
a split coik, into a \eitiral tube filled with wMtei This 
may h(‘ done plunging the tube and the cut end ot llic 
bianeh m a pail ot w'ater and placing the coi k in position 
Raise the tulic, ri\ it in th(‘ damp ol a 1 eturt-stand, w’lpo 
the eoik div, and make the joints aii-tight by means ot a 
la\er ol \\'a\ \\'hilst the lowei end ol the tube is closed 
with the (mgei place the appaialus so that it just dips into 
a dish containing mcKur> The use of meicury m the 
lube IS then lecoided as m the pievious experiment 

AnoLhf‘1 expeiiment may now be peitoimed to demon- 
sliate the tact that the activity of the lOots m absoibmg 
watei m<i\, e^pecKiIly at ceitain seasons of the vear, set 
up a consideiable piessuie in the plant, whieh is descubed 
as root-p{ csi,urc Not all plants exhibit this phenomenon, 
and hence i oot-pi cssurc is not to be icgardcd as an agent 
eltecling the ascent ol water The expeiiment may be 
tiled on any convenient vigoious plant Sparmannia 
at 1 liana, 01 species ol Pliascolus or Fuchsia are suitable 
tor the pLir[)osc 

166 r "live the pot-plant selected for the experiment a 
thoiOLigh vvMteiing Cut back the stem to within a tew 
inches ot the sod Slip a piece of rubbei tubing ovei tlie 
cut end and wire it securely, pour m a little w^atci and fix, 
l)S means ol vviie, a long glass tube ot tanly narrow 
t)oie in the other end ot the i libber tubing Place 
a scale bidiind the tube and leeord at inteivals the Jieight 
ol the water m the tube In the case ot trees and 
shitibs in the open, expeiiments to demonstiatc loot- 
picssiire siicix^ed best in spring befoie the leaves ate fully 
expanded Tlic phenomenon ol loot-piessuie may be con- 
nected with otheis occurring in natiiie For instance, undei 
ccitam oil cumstanres, vines, especially when pruned late 
and with the wounds impeitcclly healed, exhibit a “bleed- 
ing” process In the spring, sap containing vaiioiis 
substances in solution exudes tiom the cut ends ot the 
shoots 
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1 lie quantily of Huid which may escape b 
js otlen considei able, 0 ^ fioni bitch, sug 
palms, etc. The liquid v\hic]i escapes fium t 
ilowci -stalks ol ceitain palms is so i ich in siiga 
used m Ceylon and [a^M loi the manufactuie u 
liquors In some cases, this exudation or ‘ bl<‘C 
be due to tool-pressure, but, in otheis, it is th 
pressure set up locallv, often as the result ol ai 
the stem or other parts Thus, in Ja\a, th 
having beaten the inHoi escences ol palms wi 
hammeis, cut oH the tlowci -stalks, and IK vessc 
the liquid which exudes liom the w’ounds 

Connected with phenomena ol bleeding 
exhibited by ceitain plants, eg oat, luc! 
liage, etc, which show^ tieqiiently in the mon 
ol water, olten mistaken for dew, glistening on 
or sill faces of the leaves (p 2, Chapter i) 
tropical plants, e g species ol Colocasia, this pi 
ol giiilaiion is so maikcd that at intei\'als ot a h 
drops ol w-atei diip like lam fiom the tips of 
In these cases, it is (ound that the leaves poss 
organs, olten foimed by the modification ol stom 
as h3dathodcs ^ In vaiious plants, notably in 
saxifiagc, the water exuding liom the h}dathodi 
carbonate of lime in solution, which, on the c 
of the water, is deposited as a white limgc on 
ot the lea\x‘s CciLam watei-plants, c g Rnniin« 
tills, CalliLriche vetna, etc , possess \eiy conspic 
ihodcs at the tips of the leaves, which citlier op 
to the exterior or are covered o\ti only by the cu 
probable that, in watei-plants, these organs sci\ 
of increasing the rale at which water is dischar 
leaves, and so of augmenting the supply ol 

' The phenoinenon of “ guttation ” is most easily observed \ 
is growing under condilions winch, whilst favouring absorplK 
the root's, hinder rapid tianspiiation, eg in the eailv niomii 
moist gieenhouse, or, if the plant is kept under a bell glass, in 
The escieLion of liquid water mav he observed in any o( 
plants —Primula sinensis, Tropieolum majus, AconiUiin na| 
mum s]) , Fuchsia sp , HcllLborus niger, Vicia sepiiim, Tut 
Avena sati\a, Zea Hays {See list of plants. Appendix ) 
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mineial salts Owing to tlic fact that many of these plants 
have submeiged leax'cs, the li anspii ation ul \vatcr-\apoui 
doeb, not occui , indeed, in some cases, stomata arc 
not piesent, and henee the mo\eme‘nt thiough thr plant of 
watei conlaining dissoKcd salts is Iikeh to be \ciy slow. 
The explanation ol the signdicance ot h)dathocles m the 
case ot teiiestiial plants mav be as lollows — During the 
night, the lOOts eontmtie to ahsutb watci , but tian- 
spii ation, as wc have alicad\ indicated, is consideiably 
1 educed TIic w atci-coiii scs, and the tissues ol the plant 
gencially, become filled uitli watei, and the incicasmg 
pressure is ielie\cd by the exit ol waiei thiough the “ watcr- 
poies” or hydathoclcs, which may thus be likened to salety- 
^ ah cs 

In concluding oui study ol the 1 elation ol plants to wMter, 
w'c note that, beside cflccting the tianspoit ol dissolved 
mincial substances to the ]ca\es, ti anspii ation serves also 
to prevent the undue heating ol leaves exposed to bright 
sunshine Just as pci spiration, cvapoiating (lom our 
bodies, low-ers the sui lacc-tcmpei atuie, so ti anspii ation 
low'cis that ol the leal Finally, the tact that, dining 
bleeding, sugais and uthei 01 game substances may be 
exuded liom the vessels, may be taken to indicate that, not 
only ate the vessels the eonduits along w'hicli wxater and 
salts (ciude sap) aie tianspoited, but also that they may 
serve, upon occasion, tor the tianspoit of “elaborated 
sap,” that is, ol plastic tood-matei lals In spring, at 
all events, when the untoldmg loaves aic making a heavy 
demand on othc'i paits ol the plant foi food-substances, 
It appeals that the demand is met by the dischaigc of 
sugar and othci plastic lood-substances in solution into the 
vessels thiough which these substances aie liansportcd 
lapidly, in the ti anspiration-sti cam, to the leaves 

Bcfoic leaving this subject, vv'c demonstrate that tran- 
spiration — that is, the regulated piocess of e\aporation of 
water — is not confined to the leaves As the icsults of 
Exp indicate, the shoot-axis may also transpne 

167 Micioscopic examination ol sections across a 
young shoot shows that slomata aie present in the epider- 
mis, and vve demonstiatc, by means of cobalt chloiide 
paper applied to a portion of a young stem, that the 
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stoiii.ila SLiv( as LhaiuKls loi tliu cscdpc r 

\ .ipoiii- 

168 In oick'i slt'ins, c t; Iwo- or niou 
1)1 aiu lies oi lues ()i uooclv ^hiiibs (( kl( i , i 
sLoni.ila au n^placed lJ^' kss u'i^iil.ii opeiune 
kiUicils, \vhi(h, as \u' nuiv show b\ llic cobiili 
iiielhod, sLi\( lot the f \iL ul w ,ilei -vapoiii I Ik 
in llie ekki, eh , ni<ty be* iei 0 i 4 nis(‘d b\ llu* oak 
small elonnalecl areas, dilleiuin in Lokaii liom ll 
the sill lace of the sKan L lull lliey sei\e as eh 
('oinnuiiiK alion bidwti'ii the e\leiiial air and Lh 
luttici Ihilai spai (‘s ol lh(‘ iilaiU u(‘ ckmonsLiatc I 

169 In siininu I , i ul oil a two- or I hi ec-^ t ni- 

ol (‘ld(‘i Ol hoi se-( li(‘sl lUil l\enu)\e lioin il <i | 
of 1( a\ ( s and sex ( i .il ini In s in length Alhirh h 
a shoiL leiii^Lh ol iubl3ei Lubiiu^, linn ihe luhini:; 
and bintl iL liL;hllv lo lhal on the sU in so as t 
coinpleLely lo the othei end ol the ol sic 

.1 ihii k indiaiubhei lube (j)U‘ssLne iLibnii^) aho 
lone; Inscil uilo llu lu‘e l lul ol the pu‘ssiiii‘ 
stouL eilass lubc‘ scveial led in leni^lh Make 
j^ood , lay llu stem in a \ (‘ssi 1 ol u-ah i , add \\ ah' 
Ihi' ulass iLilx', and, by scjui i'/mil; the lubbti, dii' 
an (onlaiiK'd in the pii'ssiiie liibinq Clamp 
Lubi viiiK.dly in a kIoiI slant! lh)ui meiiui) 
i^I.iss liilx bs' mi ans ol a liinni 1 Nole lhal, as l 
ol lilt nuKiny i olumn iniKascs, slii'ams ol a 
es< .ipe liom Ihe k nine Is Comji.iie with Kxp 
apply a smnlai t \pkmalion 

170 " Mu 1 osi'opic t'xamiiuilion of a eross-*- 
Ihc sLipeilieial Lissuch of the old stem ol elder, 
pins Ihe e\j)]analion ol llu' beluivioui ol Ihe le 
,dio\ymL> ihe estuipc' of teases Wheu'as llu* ou 
of the shool aie made up ji^c'neially ol hi irk-shn 
hill'd el(3scly tof^ellKi, llu' lenlii'els consist of loiii 
be Uvi en W'hii'h aie deliniU' mli 1 1 1 'lliilai spa 
hi H k-sliaped cells aie (‘inply, dt'ad, and ha 
toiky walls A stclion lhioui>h a small [ui'ct' 
C 01 k shows similar layeis of brick-sluiped ec 
I'oik IS list d domi'sl ically lo pu'xenl ihc t 
w.iU'r and gases Man, m lad, puls eoik to a ii 
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to that to which it is put b^ the plant lh(‘ la>cis of cork 
winch occur in the older shoots ul wooch' plants sene to 
piexenl loss ol water b> c\apoiation from the thin-w ailed, 
delicate, tinclei In inj; tnsiies But a euntinuoiis jacket ot 
coi k about a bianch would not onl\ mean pieviuition or 
reduction of loss ul w'atei b}' evaporation, it would also 
mean pieventiun or reduction of all gaseous exchange 
The tissues of the stem would be depri\ed ol owgen, and, 
consequently, tlieii giowth and ac tivit)' would be ehci'ked 
The lentieels, like the stomatal openings of the leaf and of 
the NOLing stem, seive as aerating cliannels, and hence 
also as channels foi the escape of watei-capour We thus 
discoxei that the plant, by developing a ‘ walei-pioof ” 
la\ei ol cuticle in the outer wmlls ol its epidermal cells in 
th(‘ young paits (leaves, young shoot), and by forming 
sheets ot cork in or beneath the epidermis ol its older 
stems, contrives to meet two needs, (i) tlic prevention or 
1 eduction of indisci iminate e\apoiation, and hence Llie 
K'gLilation ol Li anspii alion , and (2) the piovision of 
acialmg channels wdieiebv' gaseous exchange between the 
ail and the tissues ul the plant is maintained II oxygen 
IS being used I>\ any ol these tissues, it is derived 
tiom that in the ciii ol the intercellulai spaces The 
oxygen piessLiie ol that an falls W'hcn it falls below 
that ul the external an, chlfusion of ox)'gen molecules from 
lh(‘ (‘xtmnal air to that of the inter cellular spaces is set 
up, and thus the cells abutting on the mtei eelltilai spaces 
receive a constant supply ul ox}gcn Similarlv, an}' gases 
pioducccl by the cells of the tissues of the plant may escape 
by didusion into the outci air 

We have a means ol v'cnl^mg the accuracy of the twofold 
sig'nilicance of lenliccls in relation with ti anspii ation and 
with gaseous exchange In vvintei, tlie plant is, compared 
with Its summer state, at rest The leav'cs fall, and the buds 
remain till spring enclosed within hard scale-leaves In such 
cii eumstances, the plant has need Ini but little ox}gen, and 
hence is under no necessity of keeping its aerating channels 
open Moieov^er, since, m winter, the soil-tcmpei aturc 
falls so low that the loot-svstem is able to absoib 
but little water, the existence of open passages ihiough 
which watcr-vmpour may icadily escape would be a source 
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ol dcinyet to the plant, leading to its death b\ c 
Thcrefoie, it oui intei pi elation ot the twolold sigi 
of stomata and lenticels is correct, we should 
find that the plant takes steps to put them out o 
duiing winter With icspect to the leaves, we kn 
m most plants this is so they aie, in deciduous ti 
out of action altogether by being east oH horn thebi 
With lespect to hcibaccous peiennials, the piewei 
loss ol water is eltected by the most dt astir mca 
W'hole plant dies down to the level of the gioui 
winters undcrgiound 

171 That the lenticels also are put out of 
in winter w^e demonstiate by lepcating, at that 
E\p 1(39 We find then that, in spite ol ronsideral 
sure, no air escapes fium the lenticels Tliey aie 

172 " By means of sections w'c pio\e that, vv 
plant IS pieparing lor wunter, it pioduces, in its olde 
new^ sheets of coik below those alicady in cxislen 
instead of foiming lenticels ol loose masses of ce 
does in spring, it pioduces a continuous cork 
beneath the lenticels as w'ell as elsew'hcic Thus tr- 
tion IS slow'cd dow'n and gaseous exchange is icdu 

It is indeed remaikable that the lall ol tlie 
engineered in many plants in pieciscly the same i 
Thus, in the hoi se-chestnut in late autumn, celL 
base of the leal-stalk begin to di\ idc, loiming ai 
la>er ol bi ick-shapcd cells These cells divide 
to form tieis of cells, winch become coik\' Th 
cells lotm a layer around the base of the leaf-sta 
moieovei the water-channels lunning thiough tl 
to the blade become blocked The leaf, thus t 
from flesh supplies of water, graduaJl}^ wjtheis 
and, at a breath of wind, comes rustling to the 
This js facilitated by the formation of an “abscise 
on the leal-stalk side of the coiky band It con 
a few layeis of delicate cells loimed b\ rapid dn 
a row^ ol cells shoi tly belore the leaf falls Tin 
layer serves the pm pose of healing the woun 
venting loss ol wmter, ingress of spores ol 
producing fungi, etc Each leaf that falls is cm 
a surgical opeiation pei formed by the plant, i 
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wound produced is licalcd in advance Similails, as a 
consequence of the luimation of cork in the stem, all the 
tissues e\teinal to I he cotk aic cut oil lioni supplies of 
waLei, and hence dry, shiivel and ciack Trees wiiu h 
produce cork in the suiface la}eis o( then sterns ha\e 
thin, smooth bark, those which pioduce it in then deeper 
layers ha\e tliick, corrugated baik Accoicling- to the 
exact mode ol development ol the loik, the haik is seen 
to be in sheets as m biirh and beech, in lozcngc-shapcd 
masses as in elm and oak, and so on 

When giowth losumes in spnng, not only aic new leaves 
foimed, but, in many tices, by the giowth of the deeper 
tissues of the stem, the baik is split and Loin, and may be 
cast oil Man) plants utilise the tissues w'luch constitute 
tlie baik foi excictorv purposes, that is, tor g-etting iid of 
w'aste-SLil)stiinccs Thus it is that many and variL<l kinds of 
materials, some ol winch aie of great value in commerce 
and niLdicinc, aie obtained liom the baik ol tiecs (quinine, 
tannin, hazeline, etc ) 

Using the nomenclature ol p 149, w'e may say that, 
in winter, a deciduous ticc, Icalless and giit in cork, is a 
xciophytc, in summci, ciowmed w'llh delicate leaves and 
with open lenliccls , it is a hygioph)Lc Such plants, 
wdiich change peiiodically fiom llie \cioph)Lic to the 
hygrophytic state aic called tiopophytes and to the fact 
that, as soil-tempei atm e lalls, absoi ption ol w^ater deci cases 
below the amount neccssaiy to make good the loss due 
to transpiidtion is to be asciibed the wonderful series of 
changes which maik the picparation of the plant tor pass- 
ing the winter Tlie subject is an alliiiing one, but we 
cannot follow it fui Liicr now 

173 The changes of some common tree should be 
followed throughout the year and tccoids ol the dates 
ol bursting into leal, ot closing of the lenticcls, of cork 
formation, etc, should be made, and the iccords com- 
pared w'lth meteoiological records, particulaily wath those 
of soil temperatuics 
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J lil III llic ( iilion ( i)in]>iMi[i( Is (.(UU.iiiiLd iii jiliiil 

lioiii winch iliL pi. ml niiisuinis lIilsc i nui] 
|ui( hy f hlninpliyil l;i mi > (( IiIok kpl isls) in tin n 

jiiin( iln i tu i]',y liy w ln< li iIk pioi lss is c.in k »1 on 
nl < IiImi 1 i)( 1 i.iI( . floiM (Ik It L\(.-. In oIIki [)iils <i( lliL 
synllR*si,o( nij;mu niLioi^m t oin[joiiiiils hy llu* pi. ml 

Miiou‘1 \vc I'lJih.uk on llu List s1.il;i oI oin tn 
till iiKnlc ol niiliilioii ol j)l. lilts, \\t will M \ 1 ( w 
( oiu liisions lo wliiili oiii ( \pi‘i ini( Ills Im\i lid 
S.ind- niul w .iK i -i iilt in i s Imm siimiI to ci< 

I h.il (( 1 1.1 in niiiKM .il suhsl.MK ( s .11 1* (‘ssi iit i.il to { 
.ilso, Ih.il <i]l till ( 1( ini ills i('(|iiii((l ])s tin |}1< 
nutiilioM .III, until till i\(<]}ti(}n ol (.iihoii, du 
tin soil Ml (111 ioini ol u.ilii .iiul niiiKM.il < 
tin u.titi .mil iniiKi.il s.dls .tbsoilnd h\ fh 
iiit.im .mioimi j).tss( s hv osmosis iiom till to 
thus s.itislios loi ,il IK ( ds, I)ul llu hulk 

UMV o! thi li anspn .It ion I mt nit lo till* li ,i\ ( s 
wMl( 1 is liansj)ii('d and llu iniiui.il siilislaiui 
hi hind 'I luis llu* 1411(11 (ills ol the li.ivrs ii* 
st.iiit siipphos ol mini 1 .1] siihstaiu ( s Siiu(‘thc 
s.dls do not .iiiunuilik* jiuk liml( !y in llu li 
siMK .ilso ihi* (‘Irnii Ills w'hu h lluy rout. mi lu't 
sliliH'iits of i'()inpl(*\ 01^. mu hodii s, siu h .is ]) 
is ( \ nil lU that llii‘ miiU‘ial s.dls, m sn\ 11114 
undi'ij^o rh(‘ini('al 011.111141* 1 lu‘i c‘l(>i (*, tiny • 

Mij.iidcd, not .IS lood-siihsl.mi (‘s, hiil as law 
iisod by llu pkint in llu* maiml.ioliii (* ol lood-s 
Smid.ii ( onsid(‘i .il ions I onviiu'i* us dial I hi* (*,11 hi 
in^ 01^4*11111 sLibsl.iiuis OM'iiiimi4 m tiu* jilaiil .11 
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icsuIl ul piocesscs ol matuiLiclui e earned on b_\ the plant, 
and tluiL the caibon which hnds a place in thcbC oi^anic 
compounds is deri\ccl lioni c\Lcrnal souices 

It IS oiJi objet t in this chapter to disco\ei what 
w'c can ot the natine ol this manulacLuiing pioccss, and 
we commence b\ enqunin^ into the soiitce wdicnce is 
deii\cd tfie law carbon-containing matoual used in the 
inanuiactLiie ol 01 game compounds 

The pioblcm ib simple know' that a plant ma\ 

giow' and that the amount ol its cai bon-compoiinds nuiy 
incicase, although theic may be no compouncls ol caibon 
piescnt in the soil Theietoie, the air is the souice whenc e 
the plant clcii\es its caibon It must, bow'e\ci, be 
admitted that tins does not appeal, at first sight, to 
be veiy piobable For, on the one hand, the amount 
of tombmed caibon contained m a plant — a tice, lor 
example — is very gicat, on the other hand, the only 
caibon-contaimng constituent of puie an, caibon dioxide, 
makes up but a minute Iraction (03%) ot the total 
volume of the atmospbcie It is doubtless these lacts 
which made botanists, dowm to compai atively recent times, 
slow' to accept the lesult ol the eailicr experiments which 
pointed to the an as the souicc ol caibon to the plant 
They piefencd to adheie to the old “ humus theory,” which 
taught — seemingly on good giounds — that the 01 game 
compounds ol caibon m the soil aic the souices wdiencc the 
gieen plant obtains its supplies of this element They 
knew' that plants Roiirish when piovidcd w'lth a plentilul 
supply ol 01 game cai bon-compounds, w'hcn, lor instance, 
the land is iichly manured , they noticed that soils deheient 
in these substances suppoit but pooi ciops, and it seemed 
to them a breach of common-sense to be asked to believe 
that the air, with only some three pails in 10,000 ol carbun- 
dioxide, could piovide the laigc quantities ol caibon wdneh 
ai(‘ contained in plants A moic thoiough considet ation 
of the lacts shows us that, though the peyecniai^c of 
caibon dioxide in the atmospheie is but small, the actual 
quantity contained m that \ ast ocean of air is enormous 
Moieovei, this quantity is augmented constantly Eveiy 
Hie that btirns, evciy plant or animal that respiies, 
and e\ciy 01 game substance w'hich undergoes decay, 

K r M 
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pioduLC caiboii dioxide, and discliaige it into tlic 
tiLinosplici c 

BliL, altci all, c\pciimcnt is bcUei Lhan aigumcnl, and 
u'c pioccc'd, thcLcloic, to put the matter to experimental 

11 Lbo raibon dioxide contained in tlie air is the law 
mateiial used by the plant in the manulaetuie ol oiganir 
compounds, then we shall expect to find that an adult 
plant supplied with air, fiom which the carbon dioxide 
lias been iemo\cd, ceases to manulaetuie oiganic caibon 
compounds Since, as out studies ol geiminalion havi 
shown, oiganic cai bon-cumpounds, such as sugai , sene 
loi the nuLiilion ol the plant, it lollows that, if llicit 
aie no stoies ol oiganic caibon-compounds picsent 
by pi eventing the plant liom manufactui ing these com 
pounds, we i educe it to a state ol staivation To caii} 
out the expenmciU, we pioceed as follows — 

174 lak e two appi oximately ccjual, activcly-giow iiu 
young sunllower Ol dwatl bean plants raised in small pots 
label thcmi /\ and B, cut oil a piece about lialf an inch squao 
ol one ol the oldei leaves ol each plant Ha\ing watc'iei 
Ihc plants, pLice them m the daik At daily inleivals, cu 
oil similai samples Keep the samples sepaiatc, and im 
in(di;il(dY <iltei tlu'y aic cut oil, jDlunge tliem loi a miniil 
into boiling watei to kill them Place the pieces in wid 
sjiec imen lubes containing methylated spirit Label eac 
tube with the leltcu* A oi and the date on which the picc 
It ( ontains w.is cut oil Coi k the tubes and expose them t 
l)iighl sunshine Allei a piece has been m a tube loi 24-4 
boms, take Jt out, obscive that it is buttle and coloin 
less, .md iinse it with water Place each sample scpaialcl 
in white saucei, and pc^iir ovci it a solution ol potassiun 
iodide iodine, to winch has been added a sLiong solution < 
('hloial hychate (Appendix A) Obseivc that, as indicate 
by the iodine leat lion, when the plants ai c maintained mil 
dailc, the sLaic li which is contained in then leaves giadiial 
clis KMses in amc^unt until, altci one 01 moic days, it cli 
.ippeai s altogcahei When this has happened, the plants ai 
uxidy loi use They should, however, be kept in claikne* 
till the apparatus now to be described has been piepaied 

175 H a\ ing obtained two huge beli-jais — (the clocln 
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(Appendix A) used in “Ficnch Gaidcning” scive admii- 
ably), take one ol them to a caipcntei and gel liim 
to make the (ollouing — A ciicular, wooden basc-boaid 
about an inch thick and ot a diametci about two inclies 
laigei than that of the urn ot ihe bell-jai The base-boaid 
must be ot one piece, and should be \ ai nishcd Thice, 3-iiKh 
cubes ot wood to seivc to laise the base-board abo\c the 
level ot the table 01 giound instruct the carpentei to cut 
on the base-boaid a ciiculai gioo\c, about 2 inch in dc]:)th 
and \ inch wide, o( such diametei that the iitn ol the bcll-jai 
hts comloi tabl) into it, and to boie a lound hole i-i^ inches 
diameter, at a distance tiom the gioo\c about equal to one- 
third of the diamctei ot the ciicle dcsciibcd by it The edge 
should be cinular and smooth since a rubbeu coik is to be 
inserted in the bole 

Bi ing the appaiatus into the laboiatoi} , and select a glass 
tube ol such a size and shape that, when it is m position 
under the bell-jai, its wide end is an inch or moie liom the 
top ol the lattci, and its naiiow' cmkI piojects below the 
bottom ot the base-board, but cleais the tabic by about 
2 inches A cylindiical sepaiating Itinnel wuth a naiiow 
stem scives the pin pose (Appendix A) Push a small 
plug ot cotton w'ool to the bottom ol the w'ldc end ol the 
tube, and fill the lattci with soda-lime — a substance wdiich 
absoibs caibon dioxide Inseit the stem of the absoiption 
tube into a 1 tibbcr coi k wdnicli is laigc enough to (it tightly 
into the hole ol the base-boaid Fix the'iubbei coi k in 
position , make a good joint, attach to the end ol the stem 
which piojccts beneath the boaid a piece ol lubbei tubing, 
and close the latter with a clamp Set up the boaid in"a 
well-lit place — prelerablv in a shclteied position in the* open- 
air but sci eened Irom direct sunlight Bung qtiickh one of 
the plants (A) horn the daik loom INfake mcasiiie- 
ments of the height ol its stem and the size ol its smallest 
leaves (this need only take a minute 01 so) Stand the plant 
on the board, place the bcll-jai in position, and covei the 
bell-jar with a double lold ot black Italian cloth m oidcr to 
protect the plant temporal ily from the hgin Having melted 
enough wax-mixture (Appendix A) loi the purpose^ poui it 
into the gioo\e so as to seal the bell-jai (or solt puU\ may 
be used) Bung the second plant liom the daik, measure 



PLANT PH\SlOI.OGY 


I So 

its shin jiul \()iinL;cst lc.i\<s Co\c‘i iL InosrU 
Ij(‘ll-jcii. I his s( ( one! ai)[)niaUis sli\c‘s as a 

lviMno\L the bla( k elolh lioin iIil In si htll-jcii, liik 
lubljLi Liibi so ilial .111 ma^ now niUci Lhe bcll-jai 
the absuipuon tiibi We lluis have Lhe two plan 
laiil\' siinilai loiuhlions, L\(’L[)t tliat oni* i ei t 
ck[JM\(.(.l ol Liiibon dioxide, lhe olhei oidinai> an 
the pi. ml u'hi( li is ( xposi cl lo oidinai} an 
a delinile iiuie*ise both in iieiohl ol stem and 
th( yc)imi;(‘i l(.i\c‘s, (slimalc‘ ^ind letoid llie 
notini; .ilso lhe niinilHi .ind si/(‘ ol any lea\es it n 
liiiloldi (! siiK ( il w.is pill iindt 1 ihi bell-j.ii 
lh(‘ w.ix lioin lh( ( (h^( ol lhe oiIkm bcll-j.ii, take 
plain, (III oil oin ol ils old«‘i I(‘a\cs, and, ha\'iny 
It il in a d.iik jilac i‘, d< h iinnu th.il tin pkint h<i 
bill hull o! nol 4 it .ill, .md th.il it lias ckwi'I 
IK w' k.i\es M.iki lluse obsei v.itions as cpi 
possibli As soon as lluv .tie mack, < iit oil 
horn iIk lonliol pi. ml Ik'loii examining; llu cii 

pkn i lhe plants in lhe daik M.iki ,i deep 
on(‘ ol ih(‘ Iw'o !s()lal(‘d ItMws in oidei Ih.il 
b(‘ disl ini;iiislu‘(i horn llu* othii, and h sl iIk 
loi si. Mill by llii lodnK method Obsi i \ i tluil 
l.ikiMi hoin llu pi. ml \\hi(h w.is ixposid lo oidi 
ijiMs .1 w t ll-m.ii ki d, bliK stall h itaiiion, .md 
k.il ol llu pi. ml uhuli w.is dtpintd ol t'aibon 
i* i\ es no si.ii ( Il I ( .!( 1 ion IbiiiLillu fd. mis lioin 
1 ooin into In li^hl siiiili;^lil /\l mleiwdsol h\( mini 
sample sol llu IiMVcsol llu pi. ml whu h wms mulm t' 
bi ll-j.ii , .md, bv im .ms ol llu loclnu* U st, ikunonsli 
w'llhin hm mmiiK's oi so ol llu‘ linit .i 1 wlm h pkii 
exjiostd lo lh( lif^ht, sl.'iiih m.ikes ils .ijiju.u.mi 
k.ots, .mil lli.it lht‘ .mioiml ol slaoli — as judi;i 
depth ol blue ( olom - iiii'itasi's as time ^ot s on 
liiilhei, llhil lIu’ plain, lh(‘ ckw'elopmini ol \\1 
< 111 < k< il (‘ornpkmly wdien it w.is m .iii diw oitl o 
liioxuk , ni.iy be^in .ii^.mi, in tin i om se ol a d.iy o 
UK ii.isi in si/e, .md lo inilokl mwy k'.i\(‘s 

\\'(' h.iin liom this sinus ol ex jiin mu nl s ill. it 
(i) 'llu li.iMs ol a i^nen pkml, mown imdei 
coiuiitions, ( out. mi stai i h 
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( 2 ) SLaich disapixats iiom tlic l(<i\c's ol a plant kept in 
dell I^nesb 

(3) Staich icappccUb \ei\ (lUii k!\ and in inncasinn 
quantities when th(‘ plant is biuuglU again into the light 
and exposed to noi mal e'onditions 

(4) It a plant is di‘pii\ed ol cai bon dio\id<‘, no slaieli 
appeals in the lea\Cb, even though it is exposed to a good 
light 

‘"(s) In the absence of caibon dioxide, the giowth and 
development ol th<‘ plant aie cheeked 

Fiom tile lesLilts ol oiii expeiinients on the geimination 
of s(‘edhng-s, we know tliat leseivc stan h stoicd in th(‘ 
seed selves to provide the seedling unh eaibohvdiale 
lood-maleiial Hence it is piobable tha( tlu st.iuh 
vvhieh makes its appeal ance in the leaves ol plants giown 
in th(' liglU in oidmaiy an seives also to piovide loi the 
niiLiiLion ol the plant Since, moieovei, staich does not 
appeal m the leaves ol plants giown m an depiived ol 
eai bon-dioxide, it is piobable also that e.ii bon-dioxiek 
selves as the lavv mateiial liom whii h c ai liohydi <ite, 
whieh appeals in the leal as s1ai(h, is maiuil.u i in I'cl ll 
this IS so, the leaves — and otlu 1 gicen paits ol a [)lanl — 
aie the scat ol a manulai lui mg pox (‘ss whie h is ol kinda- 
mental impoi tance not only to the plant its(‘ll, ])li 1 also 
indiu'etly to amnuils, n\\ ol vvhieh v)btain then lood ulti- 
miiteh liom plants But sinct* tlie k.ives ol plants ki'pt 
in daikness do not loim stauli — nuki'd, as we havt six'n, 
this substance actually disappeais horn tluun iindei Ihesi 
conditions — it lollovvs that, il staicli is maiuilai lui < d by 
th(‘ leaves of plants, light j:)lavs an (‘sseniuil pait m tlu 
pioccss Now, It IS eas^ to dcinonsti «itc that tlu* start h 
which appeals m the leaves f)l plants exposed to th(‘ light 
IS actually manulactui cd in the leaves, and is not (aiiud 
thithci in the loim ol siigai liom otiun ])aits ol the plant 

176 Foi this pLiipose, lake ,i vvcll-giown pot-plant 
(bean, clovei , etc ) and keep it in the daik till its leaves — <is 
deieimincd l^y tested samples — I'ontain no stan h 'Musi 
di't*ich one 01 moic leaves liom tlu' plant, place then 
pigioles in distilled vvalci and expose^ the leaves to llii' 
light Altei an hoin 01 so, on applying th(‘ iodine list 
(cl IZxp 174), we dibcovci that staich has made its aj^pcar- 



1 


i*( \N r Pin sioi (X.v 


,im ( III tlu isoKihd i(.i\ts Iii.isiiun 1 ) *is Uk' 
.ii( I'.ol.ihd [loin llu pi. ml, tin slauli \\ln«h a 
(Ik m ( jiiiiol lx d(ii\(d li\>in siihstaiu t s hails 
ihi baxi** lioin oth< i |)ii 1 s 1 lu u ioi( , miIum 
hi\i liM n in.imi 1 II I UM d hoin tau mahiials 
^oiiK ailtsliiiM, sin h as su'pn, alnads pu s( i 
1 ,ol ill d li a \ I s Sun I , how I \ 1 I , .i . h \p i j h.i 
si. Ill h do( (lol appi .11 Ml h a\i s uhn h, .dh i llu \ 
d( pl( h d ol this siihstain I !)\ a sojoui n ui tin 
hioiirht mh) liu lu^ht .ind i oidiiu d in a \i:‘ 

uhnh ■ nhoii diosidi is < \( huh d, w i i oin liulc 

t (o h uhnh .ipjn.iis in tin illiinnnah d, isnlal 
111,1 .1 till H suit ol .1 pioiisso! inaimlai tin t* 

I i\\ III III lid , ol V hn li I nhoii diosidi is oiu^ 
pliwid ! h il this I. tlu Olds ( otn lusioii ojn n 
diinon.ti.ih luillni ))n shounu; th.it the daiL 
( ohl.inis huh Ol no -.mpii I hiis 

177 I d I I w o lots ol h .i\ < oin liom thn 

pi Mil ol h ^ p 1^ ^ and oin lioni .( < iinilai pi. ml 

( 11 ( po < d |i> i ;ood lii;hl toi soini hotn s (h 

pn ( ( , imd( I ^^.l!M, pound i ai h lot sip.ii.il(l\ in 
with I huh watii, li.iushi t .u h miss lo .i hi 
Mid lilh 1 lid llu lih i lit ioi sip;, 11 ( )hs 

(Ik d.ii 1 1 ' pi h .u 1 'p^ ‘ *1 ‘I 

I, Klion, Old lliil tin Indil-t \pos( d h.i\is pi\ 
III ill id an M I < K I ion W t tint h .ii n that n 
I ,M h pHidii'id win II llu [Mttn p.iils ol h 
r po I d to iiidit , hilt lli.il ^ in; ii .d .o is lot nu 

(hi . u on Old ‘ I i:« h « m onl\ li.i\ t bet i 

tjoin i.i\‘ iniltiials |i uhon dio\idc and w 
nM\ spi al ol I In 11 i oi in il ion as i i\ nl In si o 

np, Old in. I Indil ist^sinlid lot linn loiinalioi 

(Il I I lilt tin pi Ol ( ». .1 (iiK ol /'/ndm. vn//i(*si\ 
h . th ill hi i min h .n. il i . I>\ ihm pi ot t ss lli.U 
(iht on . It upphi . td oi'pinn i n hon-i oinpo 

jdnilo Milln In pi m < s , i, ttiniMl soim hints tl 
i mM/a/j.n. o/ .at/nm, oi ol i.tihoh\di ih s 

I Ik f pa hon nou pu .i nt . it st il I I.i\ ( the } 
, Ji (» f h i« pt I'l’ r 1 ol j .1 u >1 os\ n I In Ms, ( n is 1 1 posse s'- 

ih, < , iin i( . I I II ol pi. lids I In .niswt i wi* 

t hi lolh t \ inj^ oh K I \ ation s 
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178 ' Cut transvetsc sections Lhiough a Icat (becLh, 
piiv^t, SLinllowei , etc) gatheiccl duiing the clay-time 
IMoiiiit the sections in watei OlDser\e that th(‘ gi ecu coloui 
ol the leaf is due to tlie piescncc ul \asl numbers ot gicen 
gianules (ehloiophyll grains or chloroplasts), l\ing in many 
ol tlie cells Note that the oidinaiy cells of tlie outer LiNei 
(cpideimis) ol both iippei and lowei sides of the leaf con- 
tain no chloiophvll grains, but that chlorophyll giams aie 
piesent in the guard-cells ot the stomata and in the veitical 
lows ol cells (palisade paienchyma) beneath the uppei 
epidcimis as well as in the less icgulai gioups of cells 
(spong} parenchyma) uhich lie beneath the palisade paien- 
chyma and extend to the lower epideimis Obseivc also 
the laige intei cellulai. spaces between the cells of the 
spongy paicnehyma Run m potassium-iodicle, iodine, 
cliloial hydiate solution, and obsei ve that starch giains are 
picseiU in the chlorophyll-contaming cells (including the 
giiaid-cells of the stomata) but aie absent horn the coloiii- 
less cpideimal cells Note the stained staich giams 
attached to the chloioplasts 

179 Then obtain one 01 two leaves ol a vai legated 
plant the loliagc of which is thin and delicate (\ai legated 
maple, Abiitilon, etc ) Either photogi aph tlie leal or make 
an acciiiatc di awing, e g a tiacing ot the outlines of its 
giccn and coloiiilcss parts Test the leaf foi staich by the 
iodine method and, by compaiing the leal with the original 
photograph or dt awing, dctciminc that the oiiginal gteen 
aieas are stained blue, and hence contain staich, 
wiiereas the colouilcss aieas ol the leal arc not 
stained blue — that is, contain no staich \Yq thus 
l(*ain that starch occuis only in those cells ot the leal 
winch contain ehloiophyll Hence we inter tlial the 
chloroplasts play an essential part in the photosynthesis ol 
cai 1)oliydratcs 

But, as wc learned in Exp 16, sLaich may occui in 
colourless cells, e g m cotyledons ul seeds, in cells ol 
woody tissues, in Lubci s such as the potato, and so on 
Moi cover, since oigans sucli as potato tubeis aie loimed 
and lemam underground, tlie staich which occurs therein 
docs not, like that in leaves, leqiiitc light tor its foimation« 
The wcll-know'n fact that gieen plants cannot li\e and in- 
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ciedsc c\LLpL w'hon j^iowing- in the light, combined w ith 
icsullb ot these obsei vations, leads us to eoncKide that 
iesei\e staieh ol undei gi otind oigans and othci eolotiil 
plants IS not s^iUliesised liom inoiganic matcM uils in th 
stoiage oigans, but is derived lioni tlie Laiboh>cli.i 
manutacLui ed bv the lea\'es and othei giecMi pails oi 
plant On this view, a gieen leal not onlv maiuilai tu 
c ai bohvdt ales to satisly its own needs, but also siipp 
eai bohydi ales to the colourless cells ot Llie plant. 

1 his conception ol the leal as a (actory of cai 
Inch ales lot the plant as a whole, helps us 
Limit island the compaiative lapidily witli which sla 
may disappeai horn the lea\cs ol plants kept in the da 
\Vc can imagine tliat the staich^ accnnuilatcd m 
IcMvts, iindcigoes a change similai to that wlii< h 
stai ( h, acLumulated in a bean col) ledon, undci t^oes dm 
the geimination ol the bean, namely, a convci sion i)v 
tigeiuy ol diastase into sugar, and just as the siig ii 
Ininied in the cotyledon passes away to nouijsh, oi atom 
iatc‘ 111, the enibiyo, so tliat loiined iiom the stiiiih 

I he gic‘eii leal tiavcls via the petiole to the shoot, whe 
It IS clisl I ihuLed jn all diicctions, to scm \ e cillim loi 
nuliitioii ol gi owing cells or to foi m the lescrve sla 
slotc'd in the various tissues 

In oidei to conliim the tiuth ol this ronjt^cluu, 

I I quite, liisLly, to piove that the giecn plant p()sst‘sses 
[^owan ol ('onverlmg siigai into slaich, and scaondlv 
ohiain evidence that the staieh which is loiiiicl in llu‘ gi 
leal <is tlie icsuU ol the photos^ nlhelic pioc'oss may | 
.iway in sonic soluble loim, such as sugai, ( i om llu* 
to other paits ol the pJ*int 

180 To denionsliatc tliat a plant is ('a[ial)le 
('onveitmg sugar into staieh we keep a plant, 
Llodca, Ml lh(‘ dai k till all staieh has disappeai (‘d f 
ils leaves Then, having piepaied a 3% solution 
gliK'osc, cut of! seveial of the staicii-fico ltM\'(“s 
lloat tiicm on the sm face of the sugar solutic’)!! in sail 
and kt‘ep them in the dark Aflct a day or two, apply 
i()dint‘ t(‘st, and obscivc that starcli has made itsappiau 
in the lea\'(‘s 

181 / By treating sections of the leaves with locl 
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nnd cxaniming min oscopiCcills , v\(‘ dc monsti ate that the 
siaich giaiiis oclui m chisi association w'lth tlic chloio- 
plasts 

I liLis we leai n ( 1 ) tliat a plant has the pown ol < oiu ci tine;' 
SLigai into stall h, and (2) that, in tlic giccn l(,il, tins 
com Cl Sion is dice ted by tlic l hloi oplasts A chloi ophist, 
thereloie, appeals to lia\e the powci ol manulactui ing 
stanli in two w^avs nthci by photos) lUiiesis 01 !)) atling 
on sugar Tlic loimci mode ol maiuilactuir orcuis onl\ 
in light, the lattci mav oi ( ui in daikni'ss 1 he ( \ idt m c 
in la\oui ol tlic view that I he staich wdiK'h ai'i iimulatt s in 
th(‘ leaves ol plants e\pos('d to sunlight may Ije tians- 
located in a soluble loim, we obtain thus — 

182 Cut till Ihiee similai leaves 1 10m a phiiU, c g Sprii- 
mannia, vv-hii h has been exposed loi some houi s to a good 
light Put twx) ol the leav-cs witli thni ksil-st.ilks in wat(M 
in the dails., and, at tlic same lime, plai e tlie plant itsi'll m 
the daik Test the lemainmg detached leal loi stan h 
Mtei Lvvonty-loui houis, cut oil one 01 inoi e ol the leavers ol 
the daik-kcpt plant, test them and also nnv ol the d< taLluxl, 
daik-kept l(‘aves lor slaiih Uc'jxs'it the (\peiiment altii 
loi tv-eight hoLii s, using the 1 c maining, dai k-ki pt, detai hi d 
leal and one 01 mou leaves whith have innaiiud attaihid 
to the dai k-kept plant Obsei v e that the slai ( h disappi ai s 
moie lapidly horn the leave's wdiic h icmaiiud attatlied to 
th(* plant dining its e\p(3siiie to daikness than horn tlu‘ de- 
tachi‘d, daik-kept leavers Similaily, demonsti ale b) using 
staich-lii‘e leaves ol a daik-kejM jilant Liiat stauh mav 
accumulate m a dclat bed lea! (with its petiole in vvatci) 
biought into the light just as in a similai leal vvhii h is 
altached to the plant and exposed to light "I he latbu 
part ol the cxpeiiment dcmonstiates that the ailivilies of 
the di'tached leal hav'c not b( cai impaiierl by its icmovsil 
fiom the plaiiL, and lienee the onlv (‘xplanalion ol the 
pcisislencc of staich in the delacluxl leal in I lie loi min 
pait ol the cxpeiimcnt is that c ai hohvcii atc' cannot esi ape 
liom the detached leal We eoncludig thmeloie, that, 
in the noimal plant, the cai l)olp di ale piodnied pholo- 
svnthclically in the leaf, passes away in the loim of sugai 
to supply the iifxds of the w liole plant 

Now, when we considei the e\ti aoi dinary lapidity wnth 
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which the Iccif phoLOh^ lUhesiscs cai h()h\ eh aLo u hen L\p 
to light (K\p 17!^), and als(’> the ntiiinwiuss ol the 
sLallc, some ol the tissiu's ol wIik h, c \ cssi. Is and 1 1 a( ! 
ol tliL wood, aiL eoneeiiud with ollui woik, we t nn in 
st<iiKl that lh(‘ late at whieli a leal maiui I a( t ii 1 1 s 
hydiate may he giealci than the late at whi< h lUt pn 
ol this maiuilactuie (\in pass Ironi the leal It) tlu ( 
pails ol the plant This being Lhe case, llicic' a gl 
eaibohsdiale in the leal Siicli an accumulation w 
imdoubtedly — unless iL could bi got (nit o! llu* way- 
ped(‘ tlic action ol the maehinei\ ineoKed in tlu man 
tLiimg U'oi k Thus the idea siigg(‘sLs itsc 11 lliat 

ma( hinei must t itlu'i 1 1 asc' w 01 king, 01 tlu it tlu (*\( e 
photosy n thesised c ai boli^'di ale must !)i‘ slort^d tt tnpoi 
in tin l(‘al m some loini m which il does not intet hie 
the woikmg (jl the machineiy Now, an insolulile, 1 
lusihli, solid SLibsLance is less m llu‘ wav than a so! 
dilliisihle substance Stau li l)c longs to llu‘ loioui 
and sugai to lh(‘ lallei pe 1 h nt c‘ w'(‘ may 

pose that, il sLigai is llu liisL piodtun ot |) 

synllu'sis, and il it is piodiiied by iIk gi(‘en U al I 
than il (an be toiuluLlcd aw*i\ horn the hal, tlu e 
in.o b(‘ sloiecl m lhe loiin ol slaich '"Mu‘ ( hloni 

maihiiUMV musl pen lone lu‘ idh dining tlu night, so 
w hi 1 1 as llu manubu Uii ing pi 01 ( ss i an go on on 1\ di 
lhe hoiiis ol ckiylighL, tlu' woik ol (list iihiit ion c .1 
(Miiuul on night «uul d.iy I hi‘ lionis ol d.i\ light ,i 
too 1)1 lel , as It IS, (oi the gu cm l( al to inannbu i iit i ( n 
( «u holla'd I <iL(‘ to sal I sly tlu‘ lu (uls ot llu* gi owing plan I 
supply It With lood-nialei m! and to <i 11 ow it (o a< i iin 
laig(‘ stoics ol slanh in ii‘S(‘i\(‘ oigans, seiuls, tti 
would Ik bad business, lluMC'long loi llu jihotosyii 
pioM'ss to Ik* shut clown nu'iely b(‘iaiis( tlu pi ochn I 
nol 1)1* dish ibul(‘d Iasi <*nougli, il would hi good l)ie 
il llu* li'al I'oiild stoic* its (*\( ess ol inanii jnrlnri d ina 
lenifioi ai ily, so that tlu* ('hloi ophvll mruhiiu'i y niigli 
lull Imu SiK h ( onsidei at ions suggest to iis lli.i 
stai <*h wlui'h appeal s m llu lial is not tlu diii'i't piod 
[iholosv nl hesis, but is — as il is in seeds, i h - a n 
1 01 m, ill W’bieh llu e\( ess ol j)lu)los^ nlhe si si <1 t rii hoh\ 
IS stoiecl tcmj)oiaiily 
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Lei us asccitaiu it tlie Incts siippoi t this h\polhesis 
In the hist pLict, wo ha\o pin\ecl aheady that sugai as 
w'cll as staioli malcis its appeal anoc in the lca\os w'lion a 
darU-kept plant is exposed to lii>hL (Exp t8i) Hence 
siigat lias at least as nni( li (daim as stairh to be icgaided as 
the immediate produrl ol photos\ ntlictic activity In the 
second place, slaich is, as we know', a more complex body 
than aie sugais — 

Thus btaich = 

glucosc = C(,H^jO,^ 

maltose 1 _r- ^ n 
and cane sugai j -- 

and It would seem moic likely that the less complex body 
IS produced hist 

183 T est loi staich and sugar the leaves of such 
plants as 11 is, onion, Scilla, w-hich, altei ha\mg been 
kept lot a lew da) s m tlie daik, c g- by covcimg with an 
in veiled llower-pot, have been exposed to the light toi some 
hoLiis Obsci\c that, whcicas sugai is picsent, the leaves 
contain little 01 no staich VVe thus leain that, even m 
leaves in which staich is foimcd as a lesult ol photo- 
synthesis, sugai b ai c also present, and that,inolhci plants, 
the pioducts ol photosyiUhctic activil} aic sugai s and not 
starch 

We mav conclude, theieloic, that some form or 
othei of sugai is the immediate, carbohydialc pioduit 
ol photos) nthesis Ol this stig-ai, some may be used for 
local nutiiLive pui puses, some may be used locally lor 
respiration, but the bulk is translocated fioin the 
leaves to otiiei parts of the plant Ol the sugar thus 
tianslocatcd, pai t is used immediatcH lor nutritive or 
lespiialory pin poses, and pait seives one 01 other of these 
put poses ultimately, but undcigocs, in the meantime, 
a change into the resei v^c loim, staich So, too, 
the excess ol sugar pioduci'd ovei that translocated 
accLimLilates in the leal dtiiing the day, and is converted 
into the moie convenient stoiage loim of starch, which, 
how'ever, is changed by diastase back again into sugar as 
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soon as Iho load is clcai loi llic passage, ol this siihsiance 
I luis (Ik giLca leal i^, dining iIk da'i, ilit s<“al <>l unbn 
In (hale Synthesis, and Uuis, night and d<n> , ihcii passi - 
fioin the gi( en (_tlls to all ptii Is ol Lhe plant n ( nnslaii 
osiuoiK si i ( am ol sLigai | List as the c \c ts^ <d [H odm tiui 
oM I loLcd ( onsiimption and ovli tiaiisloeation U .ids lo ai 
ai ( Liiiudation ol staich in the hsnes, so fin (.\i( ss ol siijiph 
ovt 1 t onsiimf)tion in an> pail leads lo lik( sloi.ig(‘ in ihi 
iotin ol staicli, and thus it is possible loi icse i \ e-oigan 
lo assi rnhlc laigi* (|UtiiUiLics ol this subst.ine'e 

Ihil oiu point si ill awail s i \planalion, vi/ — ITowistli' 
(oiutision ol siigai in(o st.neh (dh i teeP 

\\'( know' iliat th( slai( h in Iho li.il makes its iijipeaiane 
in ihn loim o( giains alMilutl lo, oi imbi eUU <1 in, th 
( liloiojilasls \\^ know, on lli(‘ olhen h.incl, Unit iesei\t 
oigaiis, iiiulerg i omul tubeis, e te' , lOiUain no cliloiophy! 
gi.iiiis How ilu'ii do ihc‘ eells ol such oigans e'onliive l 
( oiU( I ( sugai mlo slait h Now, w(‘ ha\e leai m*d alieatl 
that inosl pianls gioven in llu elai k piotlue'e lta\( 
uhiiheonlain ik > g i e en e oloui mg m.ilUn , and we* ni.iv as 
(Mil s( 1\ i‘s th<‘ (|ii( si ion udu iIkm sik h dai k-gio\\ ii pkinls ai 
able lo sloi(‘ slaic'h m then liaxts'^ d his cjuestion is, t 
I oil i se, ( ii jiable ol hmiig sol\ t cl e\pei imeiiL.ill y 

184 " In Older lo do ihis \vi* i.use scidlings ol Phase 
oliis Ol jioialo m daikiuss W'llhoul stojipiiig now i 
( on side 1 the jii i uhai h aim (‘s pi( stnted hy I he elai k-giowi 
(tiolatid plants, w (‘ jn o( ( <*d at oik e with om (\juiini(i 
In' l< sling leaves loi slanii Ibiving sliown that Ih 
Iea\ « s eon (an I no slaic (i, i lit of! si \ ( t al Ii rn i s, lloai iht i 
on a io-jo"m gliK’ose-soIul ion in the dai k Ai ilail 
mleivals, a|>-i)ly the slai (di-lest lo one oi eai li i 
Ihise 1( av( s, and also lo olheis uhiih h*i\ i leinaiiu 
allaelnd lo ih(‘ plant m lhi*daik Il.iving eUunonsii ale 
UmI slanh is pitscnt m thi leaves wlm h ha v( iloalido 
sugai-solulion and not m llu' otheis, i ui set lions ol il 
foimer, mount m \^altl, urn in lodmi' soluluui, anil nol 
lliat the slaii b-g;iams aic assoiialid (Mill with a mIIov 
l)iown stained gianitle Hung ihe plants lioni daikni' 
mlo a good (iglil S{M)n aflm disUnrl gieemsh eoloi 
IS visi1>U‘ m till' 1( aves, (a matter ol an lioiii oi so) ii 
sei’tions of a lesif oi each jikuU, obsene the ediluiopkisL 
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and iLin in iodine; noU* llial ilie stanh-yiains aie 
iiLtaLhed lu the ehloi opldbts, and in nc(‘ coneludL' that l!ie 
chloi opla^ls ol the yi(‘(jn, light-e; i o\\ n plant aic icpiLsenh'd 
in lh(‘ Loloiii less, clai k-i; 1 ou n plant bs c oluui ic ss 141 aniilcs, 
vvliieh \\L ma\' call L ul opknts li\id(_nll\’ llic l(‘ULoplasL is 
a stiiich-Ioi mcr, and is able lo manulac lui c sian'li lioin 
SLi^tir, and th(‘ chioio[)last is a moic cIiickmH staKli- 
toimtr, lor not onlv is it able lo manul a( tin c stiUeb 
lioni siiyai, but also to manulactinc su^ai liani inoioanic 
matei lals 

185 ‘ By micioscopic cvaniinatioii of }Ounn uibcis of 
potato, etc, demonstiatc that the stai ch-stoi ing cdls 
contain leucoplasts, and that the staicli-gra ins tiic ( at h 
luinied b} a Icueoplast 

186 Expose pot.ito lubeis lo a tjood hi^hl, and oljst i\(‘ 
that, m couise ul time, ihi') beeiane e;iccn, that is, lh<‘ii 
IcLieoplasts de‘\(Iope, like* those ol an (liolaltd Uwi e\pos(d 
lo lie;ht, the gieen colouiing niattei , ehloiophyll, uliub 
peiineates the chloioplast as walci ptiintsUes a spongt 

We conelude, llicieloic, that speeialised pi oto[>lasniie 
stiuetuies, leucoplasts, nia\ oei ui in the eolouiless < ells 
ol a plant, that they have the iunelion oi nianiila< tui ing 
leseivc caibohvdiatc (staich) fiorn plastic eai bobytlralc 
(su^ai), that the chloi oplast is a leuctjpkist in wIik h t^ittni 
eolouiinq mLitlci, ehloiophyll, Is developed, and that the 
chlorophxll ronleis on the ehloiopkist llu‘ ptjwei ol manu- 
faetuiino stigai — in the picsenc(‘ ol light — lioni law 
inoiganic matci lals 

187^ It IS mteiestlng to note <ilso that the giein 
ehloioplasts may themselves undeigo a t hange in 
colour, as, (01 example, in the petals and liuits ol eei- 
tain plants, winch become I 31 igluly-colouied as they iipen 
Mieioscopic CKammation of vaiious stage's shows that su< li 
colouis arc due to small incgular IxKhes, chiomoplasts 
(or <dnomatophoies), which aie denved liom chloiopkists 
In olhci cases, howev^er, biight colouis, e o the pin pie of 
the- copper beech, the colouis ol the jietals ol the sweet pc'a, 
vioh'l, elf , aie, as \\c detfimine by tlu' mici oscopn' 
examination o( sections ol tliese c'lbjccls, and as wc ha\(‘ 
seen in the case ol the bectioot, due to pigments dissolved 
in the cell-sap 
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\\\‘ nin\ (Xj^Kss Dill iDiulusiDiis as Id lIiIi 
I cLiLDpliisLb and i hi DniD[dasl s ihiis — 

plasLids leucoplasts, chloio[ 

rhionioplastb , 

k'liroplasl and Lhloio[)h 3 'll ” chloi()[dasL , 
(hloiDplast in which chlnio 
[)hyll has iindci{j;onc chi lin- 
eal (Jianj^^c and is ic[)lafid 

by a yellow 01 ted piL;inc‘iU clnonioplasl (tlnoni 

\\h nuisl ictiiiii now Id i diiskIm midm c 1< 
ch(mlsll^' dI liu pholDSN nllu Sis d 1 siij^ai, and 
\vhi( h liL;hl phiN s Ml tins pi (k ess Sd lai , all that 
IS llial, dining pluiLosN nt lu sis, lailion diD\id( is 
and siii;ai loiimd W'ln n \m i diisuIi 1 tin loin 
simple sii^ai (e ii t^huosi) C it lx (Dine 

that, m llu‘ pnK ( ss ol pholosMiilu sis, stjun s 
wIiK h s( 1 ves ,is I he sdlii < i d 1 h\ di oi^i m ninsl , lom 
(Mihon (liDxuh , lake jiail in tlu Kailion 1 In o 
SDiiiie ol the h\diDL;en \^hMh (iiliis into Ihi suj 
i nie IS \\ .il( I Ihil il v\( assuiiH (hat thi Inchon 
[)hotosyntii< sis( (1 siinai is dtiiwd linin nalci, 
t , 11 1)011 diD\id( andwMUi tin;<'lhii liipiodiKC sii« 
imisl III st l)(‘ a d( oMciat iDii 01 1 1 dm t ion ol oiu oi 
lhis( siihslaiK < s Assiiinmn this, u( ina\ syinl 
1 ( a( lion thus -()('(), 1 oil ,< ) t , 1 1 1 I < >0 , 

It, thiieloii, (Uii assiim|)l ions ,n( loinil, 
e\i)( i 1 to hnd that , w hi'in \ i 1 phot dsn nt he sis one 
nui is hl)( 1 .itc d in 01 dc 1 to 4ist ( 1 tain u he the i I 
c as( , we pi 01 c ( d as jollow s 

188 1 akc* si \ei.il ^ I' shoots ol some i oinin 

plant, c* n h lodi a i anadi nsis, ti( tin ni Iixjsc ly 
pill llu in, NN'ilh thin (id i nds upNN.iiils, insidi 
lUNeilid Innnel, tin* month ol whnh just (it 
kune ixsikei lull ol watii 1m11 .1 ti st li 

ualM, 4111(1 ( losinn d with the thiiml), in\(il it 
stem ol till limnil, uhnli piojeils npu.iid neai 
le\ i‘l ol the NN.itii III till lx .iki I Mills, an\ ^as 
hv the siihmei n< <1 shoofs p.issi s up tlnonnh tlu > 
colltM ts in tin test tube Ih mn Ihi .ipjiai .itiis int 
h^ht , .nid obsi I \ ( t lud , -d oiu i , bubbles ol nas tii c 
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fini-n the slioots anr] iisr in the Lest tube 'Mlow llie cxpcii- 
incnL lu go on until the Lest lube is ncai b' lull ol gas 
This may lake sf’\eial clays Ha\ing picpaiecl a glowing 
splinter, c b\ lighting a match and blowing iL out, lift 
the Lube Irom the waler^plunge into iL Ihc glowing splinter 
and obsei\e that the latter bursts into a blight llamc, 
whence vve intei that the gas m the tube consists 
laigely of o\vgen By rnoio C'^acL metliods it may be 
demonstrated that, as is iccjuiied by oui loimula, the 
\olLiiTie ol raibon dio\idc absoi bed during pbotosMUhesis 
IS equal to the volume ol oxygen evolved W'c thus con- 
clude that a step in this pioccss consists m the icduetion 
oi caihon dioxide and w'alci, and we may pictuic this step 
thus — 

o 1 + / H ^ (form.aldeliyde) 

O i I O =0^ (oxygen) 

On vaiioiis grounds it is believed that this substance 
H COH ( lui maldchyde) is actually the liisl pioduit ol 
photosv nthcsis, and that its molecules condense to luim 
siigai thus — bH COH = CJ-l,/3„ In an> case, w'e iccog- 
nise that in photosynthesis the leacLion Lakes place in 
sevcial stages, and that the lust stage consists in a 1 educ- 
tion piocess^ which is made evident by the c\'olulion of 
ox3'gen 

\VaLer-planLs such as Elodea scive also loi m\ csLigations 
into the conditions undci which photosMi thesis takes plate 

189 Select a healthy shoot ol Elodea, make a clean 
('lit acioss Its stem, wnpe the cut end gcntl)^ wuth blotting- 
paper, and blush a la\er of collodion over it When 
the collodion has set, make a small hole in the Him by 
means of a needle, tie the shoot, cut c'nd upwaid, to a 
glass rod, and submcige it in a laigc beakci ol water 
Using the rate at which bubbles escape fiom the cut end 
as an index ol photos) lUhetic activity, dcteiminc the 
influence oi light-irUensity on the lale at which this piocess 
goes on This may be done b^' t'oiinLing and comparing 
the lates at which bubbles aic given oK when tlie appaiatus 
IS placed at vaiying distances horn a wcll-lit wmikIow/ A 
better method consists in the use of an incandescent light 



